Contribution Of Dark Brown Pakis-Stem To Mitigate Thermal Solar Irradiation Of A Heated Environment by Mintorogo, Danny Santoso
 1 Sustainability in Built Environment   I 
 
 
Sustainability 
In 
Built  
Environment I 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 2 Sustainability in Built Environment  I 
 
 
 
 
  
 3 Sustainability in Built Environment   I 
 
Sustainability  
In  
Built  
Environment I 
 
 
 
 
 
 
Editor-in-Chief 
Professor Mohd Hamdan Ahmad 
 
Associate Editors 
Syed Ahmad Iskandar Syed Ariffin 
Folorunso Clement Oluwole 
Reza Hashemi Nik 
 
 
 
 
 
 
ISI Publications 
 
 
 
 
 4 Sustainability in Built Environment  I 
 
Copyright © 2012  
ISI Publications 
Institute Sultan Iskandar 
First Print 2012 
 
All rights reserved.  
No part of this book may be reproduced in any form without permission in writing from the 
publisher, except by a reviewer who wishes to quote brief passages in a review written for inclusion in 
a magazine or newspaper. 
 
Perpustakaan Negara Malaysia               Cataloguing-in-Publication Data 
 
 
Sustainability in Built Environment I 
 
Editor-in-Chief  
Mohd Hamdan Ahmad 
 
Associate Editors 
Syed Ahmad Iskandar Syed Ariffin 
Reza Hashimi Nik 
Folorunso Clement Oluwole 
 
Includes Index 
 
ISBN 978-983-2466-10-9 
 
Cover Image 
Nor Fazilah Mohd Ali 
 
Type face: Times New Roman/Georgia 
Font Size: 9/10/11/12/15/20 
 
Publisher      
ISI Publications 
Institute Sultan Iskandar 
Universiti Teknologi Malaysia 
81310 Skudai, Johor Darul Ta’zim 
Tel. No. : +607 5584286 
Fax No. : +607 5570020 
 
Printed and bound in Malaysia. 
  
 5 Sustainability in Built Environment   I 
  
 6 Sustainability in Built Environment  I 
Contents 
 
Preface 
 
Contributors 
 
Prologue 
Sustainability, Malaysia, and the Built Environment 
Syed Ahmad Iskandar Syed Ariffin 
Reza Hashemi Nik 
 
Chapter 1: Towards A New Pedagogy in Architectural 
Education : A Review 
Fa’izah Mohammed Bashir 
 
18 
Chapter 2: Social Sustainability : Principles and 
Definitions 
Malik Tassaduq Abbas 
 
27 
Chapter 3: Urban Unfriendliness in Streetscape : A 
Case Study of Jalan Tuanku Abdul Rahman 
Aminatuzuhariah Megat Abdullah, 
Alice Sabrina Ismail 
 
34 
Chapter 4: Integrating  Biodiversity And Carbon  
Sequestration  Benefits  For  Sustainable 
Construction. 
Faridah Shafii 
Mohamed Zahry Othman  
 
46 
Chapter 5: Strategic Alternative To Building 
Maintenace 
Folorunso, Clement Oluwole 
 
59 
Chapter 6: Building Modelling and Simulation for 
Green Building Design 
Yaik-Wah Lim 
 
70 
Chapter 7: Comparison of Integrated Environmental 
Solutions <Virtual Environment> And Autodesk 
Ecotect Simulation Software Accuracy With Field 
Measurement For Temperature 
Leng Pau Chung 
Dishan Remaz Ossen 
 
85 
 
 
 
 
 
 
 
 
 
 
 7 Sustainability in Built Environment   I 
 
 
 
 
 
 
 
Chapter 8: Policy of Post Occupancy Evaluation in 
Rating Green Office Buildings in Malaysia 
Yakubu Aminu Dodo  
Mohd Zin Kandar 
Dilshan Remaz Ossen 
 
 
 
 
 
 
 
 
103 
Chapter 9: Thermal Comfort and Double Skin Facade 
in Hot and Humid Climate 
Mohammad Baharvand, 
Mohd Hamdan Ahmad 
Roshida Abdul Majid 
Tabassom Safikhani 
 
113 
Chapter 10: Review of Roof Thermal Insulation 
Practice and Preferences in Terrace Housing in 
Malaysia 
Farhana Mohd Razif 
Mohd Hamdan Bin Haji Ahmad 
 
127 
Chapter 11: Contribution of Dark Brown Pakis-stem 
To Mitigate Thermal Solar Irradiation of A Heated 
Environment 
Danny Santoso Mintorogo 
 
139 
Chapter 12: Comparison of Thermal Comfort Levels 
for Two Traditional Bugis Houses in Malaysia 
Aminatuzuhariah Megat Abdullah 
 
 
153 
 
Epilogue  
Syed Ahmad Iskandar Syed Ariffin 
Reza Hashemi Nik 
 
  
  
 8 Sustainability in Built Environment  I 
Contributors 
 
 
 
 
 
Alice Sabrina Ismail  PhD 
Universiti Teknologi Malaysia 
 
Aminatuzuhariah Megat Abdullah PhD 
Universiti Teknologi Malaysia 
 
Danny Santoso Mintorogo  
Petra Christian University, 
Indonesia 
 
Dilshan Remaz Ossen PhD 
Universiti Teknologi Malaysia 
 
Fa’izah Mohammed Bashir 
Universiti Teknologi Malaysia 
 
Farhana Mohd Razif 
Universiti Teknologi Malaysia 
 
Faridah Shafii PhD 
Universiti Teknologi Malaysia 
 
Folorunso, Clement Oluwole 
Federal University of Technology, 
Akure, Nigeria 
 
Leng Pau Chung 
Universiti Teknologi Malaysia 
 
Lim Yaik-Wah PhD 
Universiti Teknologi Malaysia 
 
Malik Tassaduq Abbas 
Universiti Teknologi Malaysia 
 
 
 
 
 9 Sustainability in Built Environment   I 
 
 
 
 
 
 
Mohammad Baharvand 
Azad University of Falavargan, 
Falavargan-Isfahan, Iran 
 
Mohd Hamdan Ahmad PhD 
Universiti Teknologi Malaysia 
 
Mohamed Zahry Othman 
Universiti Teknologi Malaysia 
 
Mohd Zin Kandar PhD 
Universiti Teknologi Malaysia 
 
Reza Hashemi Nik 
Universiti Teknologi Malaysia 
 
Roshida Abdul Majid PhD 
Universiti Teknologi Malaysia 
 
Syed Ahmad Iskandar Syed Ariffin PhD 
Universiti Teknologi Malaysia 
 
Tabassom Safikhani 
Azad University of SAMA-Khorasgan, 
Isfahan, Iran 
 
Yakubu Aminu Dodo 
Modibbo Adamawa University of Technology, 
Yola, Nigeria 
 
 
 
 
 
 
 
 
 
 
 
 10 Sustainability in Built Environment  I 
 
  
 11 Sustainability in Built Environment   I 
 
 
Prologue 
 
Sustainability, Malaysia, and the Built Environment 
 
Syed Ahmad Iskandar Ariffin, Reza Hashemi Nik 
 
 
Sustainability in the general sense means the capacity to support the existing state. In 
sciences it has come to signify the ability to support life in good quality and condition over 
indefinite course of time. It has consequently become perhaps the most persisting topic of 
debate among global circles since the 1980s for valid reasons; considering that the issues 
raised through it –whether resource management or development- have not only pressed 
globally but that in nearly all instances have even aggravated life over the past three 
decades thanks to an initial negligence and indifference by the interest-parties –
governments and multinational corporations- over the first decades of its campaign. The 
word signifies awareness about the consequences of man’s current living habits over his 
environment and its viability. The issue of a sustainable existence gained attention as a 
result of the latest observations of science in the eighties on human induced environmental 
disturbances. 
 
These observations began on a myriad of disasters, but among the first and most urgent on 
the list one can recall the discovery of the hole in the ozone layer over Antarctica as a 
result of the emission of Chlorofluorocarbon (CFC) by industrial coolers, leading in turn to 
an influx of harmful solar radiations accelerating global warming in the eighties and 
nineties.  Among other equally disastrous incidents that blew the whistle on modern 
industrial practices, to name only a few one can enumerate the nuclear meltdown at 
Chernobyl, the extreme and sudden rate of deforestation in the Amazon and Southeast 
Asia
1
, an influx of air and water pollution around the globe, induced acid rains leading to 
the destruction of such ecosystems as the Black Forest in Germany, and altered chemical 
composition of the soil around industrial hotspots, the constant and exponential increase in 
greenhouse gas emissions –still an unresolved issue- the greatest extinction event in the 
                                                   
1 The Philippines lost nearly its entire rainforest cover during the industrialization campaign of the 
1960s through 70s under Marcos in an unsustainable timber export exercise; slash and burn farming 
in Indonesia led to the uncontrolled burning of much of the forest foliage in the larger islands, and 
in Malaysia, in the course of one year from 1987 to 1988 about one third of the total rainforest cover 
was logged for export.  
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history of the planet, and issues pertaining to genetically modified organisms and their 
adverse effects on local species and the human physiology and pathological mutation. 
 
These issues eventually grabbed the attention of the global community on man’s living 
practices in the indicated decades and called for the need to come up with a consensus on 
the ethical practice of those activities vital to his economic survival. However this 
awakening has not come easy and overnight. The first cries on all of these calamities are 
made by earth scientists and environmental activists, often rendering them the soul 
advocates of the issues over long periods of time with little if any support from interest 
groups –corporations and governments- who often view the issues with great scepticism if 
not animosity that results from the perception of the advocated message as a threat to their 
group interests.  
 
Albeit excruciatingly slow, these efforts have managed to awaken the global community to 
the imminent dangers of man’s oblivious lifestyle of the present and challenge it to make 
an effort towards achieving a consensus on the implementation of ethical standards in 
human development. As a motto of this revolution, the concept of sustainability was 
arrived upon in the eighties and formed the paradigm of thought in which the idea of 
sustainable development was born as a principle to direct human economic activity and 
social interaction and welfare with respect to the preservation of viable environmental 
conditions.  
 
Sustainable development is defined by the Brundtland Commission as: “development that 
meets the needs of the present without compromising the ability of future generations to 
meet their own needs” 2.  
 
The general paradigm of sustainability however has been roughly divided according to 
three spheres of relevance into Economic, Social and Environmental. The topic is very 
broad and opinion on its tenets and mechanics are diverse and at times contradictory. The 
general forms of these contradictions manifest in the justification of each sphere of 
sustainable existence; for example, solutions maybe given in the economic realm that do 
not take account of the environmental aspects. Two examples of such contradictions under 
hot debate at the present are the issues of Genetically Modified Organisms (GMOs) and 
bio-fuel.  
 
In the first case, it is understood that with the growing world population and pressure on 
natural resources, one solution to make the most out of limited resources is to modify crops 
to yield a compensating harvest for less land or water. The drastic effects of such 
                                                   
2 Brundtland Commission, United Nations, March 20, 1987 
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development had not been anticipated in the eighties, where cross pollination, or 
unmitigated propagation into the wild would result in the wipe out of a great diversity of 
naturally occurring and endemic genomes of plants in the localities of introduction; breeds 
and species that had evolved overtime to adapt perfectly to the conditions in which they 
had previously prevailed and which very often carried in their chemical compositions 
remedies to endemic human nutrient deficiencies.  
 
In the second case, bio-fuel has been proposed as the environmentally responsible remedy 
to the problem of fossil fuel and its chemical hazards. Yet until the project was undertaken 
in a country like Indonesia, the devastating effects of its implementation were not realized 
on the destruction of the natural habitat. To explain what this argument means, it must be 
emphasized that to plant the bio-fuel crop on a scale that would support national industry, 
land must be converted for the usage. The question is which land and conversion from 
what. The answer to which is that since the project cannot create and annex new land to the 
existing landmass of the earth, available land in a country will be converted either from 
forest and wetland, or from existing farmland –food-crop plantation- into fuel-crop 
plantation. In the first instance, the very earth and its natural ecosystem that are the objects 
of the campaign are being destroyed under the context of its preservation (economy vs. 
environment), and in the second case, food supply and production are sacrificed for fuel 
production, creating either food shortage or foreign dependence (economy vs. economy).  
 
Such examples of conflicting interests within the sustainable paradigm have kept scholars 
and interest groups involved since inception for the development of the most practical 
solutions. As a subset of these engagements, an initiative is developing among scholars for 
research into the life supporting capacity of the planet, the advancement of which could 
help define a framework for the sustenance of an optimum species population of the living 
organisms on earth. The implications of such research would subsequently define the 
optimally sustainable human population as an apex species on top of the food pyramid. 
To narrow down the spectroscope of sustainability on to the national scale with Malaysia 
as the case, it is rational to deduce from the arguments above that all universal issues apply 
on the local level as well. To explain this, a handful of the current national issues with 
regards to sustainability are quickly listed as: 
-Environmental: deforestation, species loss, soil erosion, water pollution, watershed and 
wetland conversion (which interrelates with deforestation), and the universal effects of 
global warming and rising sea levels. 
-Economic: issues pertaining to food supply, single crop agriculture and foreign 
dependence, inflation, industrialization and corporatization. 
-Social: urbanization, acculturation and assimilation of micro-cultures, cultural 
discontinuity, unmitigated population growth. 
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The present book comprises of a compilation of papers on sustainable practices in the built 
environment. These are works by scholars and researchers from Universiti Teknologi 
Malaysia and relate to issues in sustainable architecture in the Malaysian context. The 
issues raised here primarily relate to energy conservation and building maintenance as the 
currently more popular topics in sustainable construction practice. However the work also 
includes a number of very unique topics ranging from the education of sustainable 
architecture to the relationship between preservation of biodiversity, carbon sequestration 
and sustainable construction.  
 
 The first paper Towards a New Pedagogy in Architectural Education: A Review by 
Fa’izah Mohammed Bashir attempts to introduce the concerns of sustainability into 
architectural education and integrate them on curricular level. 
 
The second work Social Sustainability: Principles and Definitions by Malik Tassaduq 
Abbas goes on to expand and delineate the various concepts and definitions in the study of 
social sustainability, a work that in the words of the author will be unique and pioneering. 
 
The third work Urban Unfriendliness in Streetscape: A Case Study of Jalan Tuanku Abdul 
Rahman by Doctors Aminatuzuhariah Megat Abdullah and Alice Sabrina Ismail 
concentrates on the case of a main street in Kuala Lumpur with significant historical 
context, and the problems brought about by the disruption of its texture with modern 
constructions, inaccessibility of its buildings due to vendor occupation and the discomfort 
upon the users of the street. 
 
The fourth paper Integrating Biodiversity and Carbon Sequestration Benefits for 
Sustainable Construction by Faridah Shafii and Mohamed Zahri Othman deals with the 
problem of carbon footprint in the Malaysian urban context and proposes to resolve the 
issue through biodiversity preservation and environmental integration with urban 
development.  
 
The fifth paper Strategic Alternative to Building Maintenance by Clement Oluwole 
Folorunso proposes a convention to indicate the chemical composition of construction 
materials by manufacturers for a more informed choice by the clients and the reduction of 
post-construction maintenance costs. 
 
The sixth work Building Modelling and Simulation for Green Building Design by Yaik 
Wah Lim evaluates the concept of a proposed green mosque in Johor Bahru using 
AutoCAD Ecotect simulation software for green architecture. 
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The seventh chapter Comparison of Integrated Environmental Solutions <Virtual 
Environment> and Autodesk Ecotect Simulation Software Accuracy with Field 
Measurement for Temperature  by eng Pau Chung and Delshan Remaz Ossen conducts a 
thermal evaluation of a single-side ventilated room using simulation software. 
The eighth chapter Policy for Post-Occupancy Evaluation in Rating Green Office 
Buildings in Malaysia by Yakubu Aminu Dodo, Mohd Zin Kandar and Delshan Remaz 
Ossen proposes the emphasized inclusion of human and cultural values into policy making 
related to the Green Building Index. 
 
The ninth paper presented in the book Thermal Comfort and Double-skin façade in Hot 
and Humid Climate by M. Baharvand, M. Hamdan b. Ahmad, R.bt. Abdul Majid and T. 
Safikhani goes on to evaluate the effects of a twin layered glass and masonry façade on 
interior temperature levels in tropical environments. 
 
The tenth paper Review of Roof Thermal Insulation Practice and Preferences in Terrace 
Housing in Malaysia by Farhana bt. Mohd Razif and Mohd Hamdan bin Ahmad discusses 
the vitality of roof insulation in the modern practice of terrace housing and compares the 
optimal standards with current practices in the country. 
 
The eleventh paper Contribution of Dark Brown Pakis-Stem to Mitigate Thermal Solar 
Irradiation of a Heated Environment by Danny Santoso Mintorogo discusses the heat and 
radiation absorbent qualities of the brown pakis blocks used for roofing. 
 
The twelfth and final chapter of the book Comparison of Thermal Comfort Levels for Two 
Traditional Bugis Houses in Malaysia by Aminatuzuhariah Megat Abdullah goes to record 
the thermal qualities of a fast disappearing traditional house type in Johor in an attempt to 
preserve this information for the prospect of setting guidelines for future housing 
regulations in the country. 
 
The present book displays a number of scientific endeavours undertaken by researchers at 
Universiti Teknologi Malaysia on the concerns of sustainability in the built environment. 
The array of scientific prospects is much wider than what comes here, and it must be 
understood that these only reflect a fragment of the issues at hand on national scale in the 
country. Institute Sultan Iskandar has attempted the present work as a stepping stone 
towards greater future research endeavours on sustainability.  
 
As indicated earlier, there are three aspects to sustainability, namely economic, social and 
environmental. However for future research on the national issues, we would as well like 
to suggest a fourth division under the context of Political Sustainability, which may not be 
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equivalent to the three standing premises but may somehow serve as a subset linking the 
social to the economical.  
 
This work as an initial step towards a greater goal has had its limitations. As understood 
from the context of the papers and the qualifications of the authors, the work has been 
compiled by scholars that were mostly from the architectural discipline, and therefore only 
manages to shed light on sustainability issues from the perspective of that profession. An 
encompassing scholarship on the subject demands the participation of professionals and 
scientists from other disciplines involved in sustainability. Studies on environmental 
sustainability would rely most importantly on contributions from professionals in the earth 
and environmental sciences, just as much as the social and economic aspects are futile 
without input from economists, sociologists and professionals in the human sciences.  
 
The many different challenges on the national scale, some of which were passively 
indicated in the Prologue, promise great potentials for exploitation on a measurable 
scientific level if grounds are made for a healthy and free culture of dialogue and scholarly 
discourse in the near future. To be able to promote and foster such scientific environment 
of sharing and education is an aspiration of Institute Sultan Iskandar. 
 
The present work with all its limitations thus intends to take on that challenge, in the hope 
of initiating an expanding campaign of research and discovery on the issues of sustainable 
development in Malaysia for the future.  
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1 
 
Towards A New Pedagogy In Architectural 
Education: A Review 
 
Fa’izah Mohammed Bashir 
 
Abstract 
 
Sustainability is now a vexed term which has been addressed in 
several agendas and summit in which most deliberations the issue of 
incorporating it partially or wholly in our educational curriculum,  is 
among the topmost issue. Architecture is in fact itself a pedagogy and 
buildings have their own embedded hidden curriculum, that can greatly 
influence and affect the learning process. Embracing new pedagogical 
approaches which involve computerization and simulation of buildings 
with the ultimate goal being the design of comfortable buildings, as well 
as energy efficient buildings is becoming a must. The paper attempts to 
explain the new trend of design in building sustainability on which most 
emerging schools of architecture curriculums are based and the older 
generation schools of architecture are moving towards; either through 
revising their curriculum or incorporating some elements of 
sustainability in their curriculum. Through a critical review of existing 
literature from on line data base and a pilot survey carried out; the paper 
defines what the new pedagogy in Architecture in the light of  new 
dispensation of threat of global warming should be because 50% of all 
resources consumed across the planet are used in construction. It also 
elaborates the differences between conventional buildings and sustainable 
buildings as it affect architectural education in the new paradigm shift to 
sustainability. The paper concludes by suggesting how sustainable 
Architectural education could be enhanced through a new Architectural 
pedagogical approach. 
 
 
Keywords  
Architecture, Curriculum, Educations, Pedagogy, Sustainability 
 
 
 19 Sustainability in Built Environment   I 
1.0 Introduction 
 
The concept of ‘sustainability’ is now a vexed term appropriated by spin-doctors and political 
rhetoric far from its original ethical meaning. Notwithstanding this, the notion remains the same 
echoing the following quotation, placing an ethical responsibility upon us individually and 
collectively to ensure the conservation and preservation of the Earth’s resources and qualities. 
Designers cannot divorce themselves from this obligation, and certainly students need to establish 
an ethical position to address this issue. Designers are constantly faced with ethical choices about 
materials, design performance, interaction and communication with the community, and their role in 
articulating innovation and vision [1]. The Rio de Janeiro Earth Summit, and the subsequent 
Agenda 21 initiatives, focuses upon advancing sustainability holistically in both policy and practice. 
[2]. 
Teaching for quality student learning at university is a challenge that never ceases. For 
teachers and researchers who strive to understand how to achieve successful student learning 
outcomes, the challenge becomes greater when new and unknown aspects are introduced to the 
university classroom [3]. Those who have studied architecture undoubtedly have vivid memories 
that characterize their design studio experience. Late nights, exciting projects, extreme dedication, 
lasting friendships, long hours, punishing critiques, predictable events, a sense of community, and 
personal sacrifice all come to mind. Those aspects are not usually written into the curriculum or 
even the design assignments, but they are likely the most memorable and influential in the 
experiences, habits and pattern found within the architecture design studio which makes up what we 
have termed studio culture [4]. 
 
 
2.0 Background 
 
A. Studio Culture 
 
Defining a culture is never an easy task, more so to define the culture of a design studio 
make out of individualistic and dynamic mind. It is through the students, that each architecture 
school and architecture program developed their distinct culture. In Malaysia, like many other 
countries, the discipline of architecture takes great pride in the diversity of its program and teaching 
pedagogies, [4]. 
The architectural studio model has its own culture and values that are as influential on a 
student’s education as the actual projects they complete. In many cases, the habits and patterns 
exhibited in this culture are not the intentional product, but a byproduct. These by-products can be 
very positive, but they can also produce harmful results. Many scholars, like [5] have called the 
consequences of this culture the “hidden curriculum” of studio learning. In simple terms, the hidden 
curriculum refers to those unstated values, attitudes, and norms that stem from the social relations of 
the school and classroom as well as the content of the course [5]. 
In comparison to the formal curriculum with its emphasis on knowledge (i.e., course 
content: what should be "covered" and its place in the curriculum), the concepts of the hidden 
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curriculum brings into focus questions concerning the ideology of such knowledge, and the social 
practices which structure the experiences of students and teachers. 
 
Using the concept of the hidden curriculum as a perceptual base, one begins to recognize that: 
(1)  Schools are not neutral sites, and thus 
(2)  They are an integral part of the social, political, economic, and cultural relations of society. 
(3)  This nexus of relations plays a significant role in the selection, organization, and distribution of 
knowledge in schools as well as 
(4)  The formation of school social relations and practices. 
 Turning attention to the architectural teaching and learning design studio as a social 
practice and utilizing the vantage point of the hidden curriculum, it has seen that there is much in 
the structure of the studio that mirrors the structure of most contemporary workplaces. In other 
words, characteristics that have come to be common in modern workplaces do take form in some 
way in the architectural design studio. Normally these include systems of hierarchy which require a 
strict division of labour, "rigorous obedience" and orientation to means rather than ends, and an 
ethic of competition to ensure work compliance and intensity [6]. 
 
B. Architecture Learning Space 
 
As architecture education was being institutionalized, the whole process of learning 
became regimented with the needs to follow certain criteria or guidelines set by the institution. At 
the same time, architecture learning space is being categorized accordingly. Freedom and dynamic 
of architecture learning process became cannibalized and being replaced with a regimental learning 
system. Such learning system will only become relevant if there is an appreciation of student culture 
and interpretation of idea of knowledge acquisition [4].  
Understanding and visualizing space is one of the most difficult skills that design students 
must acquire during their education. Most architecture students begin their education with very 
limited personal experience in observing and understanding the spaces and forms that they are 
familiar with on an everyday basis. Architecture forms a backdrop against which their activities take 
place, but they are not consciously aware of the influence that the design of those spaces has on 
their perception [4]. 
Students must learn to experience the world as an observer and participants, aware of light, 
form, proportion, scale, color and texture as well as the perceptual feeling that they create. On a 
broader scale they must learn to see and experience spaces and forms in a way that will enable them 
to understand not only the visual but also the environment, cultural and social aspects of the natural 
and built environment around them. Architecture in its purest form is neutral. Within that neutrality 
there is emptiness, it is through the emptiness that diversity is allowed to flourish [4].  
 
C. Architecture as Pedagogy 
 
Academically, architecture is in fact itself pedagogy and each building has its own 
embedded hidden curriculum that can greatly influence and affect learning process. However, the 
problem is teaching has been wrongly assumed to take place in buildings and neglected the other 
experience in which architecture learning can be experienced. The built environment and the 
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landscape can be a powerful tool of learning, in this regard the campus as a whole should be 
regarded as a place where learning occurs. There has been—and still is —a continuous debate 
among architects and architectural educators about the role of knowledge and research in 
architecture as a discipline and profession [7, 8]. Whether in developed or developing countries, 
many in architecture still think of researchers as people in white smocks and thick glasses searching 
for the mystery and the unknown. In response, scholars and educators have emphasized that 
research should be viewed as part of everyday actions and experiences. 
 
Table 1: List of Pedagogy used by Universiti Teknologi Malaysia 
Lecture method Class discussion Desk crit 
(Individual)  
Presentation by a 
panel of instructors
  
Presentation by 
students 
Expert guest critics Field trip Seminars 
Peer critique Group critique Class projects Individual projects 
Research Case studies Use of chalk/white 
board 
Surveys 
Use of diagrams, table, 
graphs, and charts by 
instructor 
Peer teaching Use of technology 
and instructional 
resources 
Visit an employment 
agency 
Source; Hamdan & Bashir 2012 adopted from [9] 
 
In traditional teaching practices, architecture students are typically encouraged to conduct 
site visits and walkthrough the built environment in order to observe different phenomena. 
Unfortunately however, research indicates that these visits and exercises are simply casual and are 
not structured in any form of investigation or inquiry. As a result, students do not realize what to see 
and what to look for in the built environment. The case would be worse when educators attempt to 
offer students ready-made interpretations about the physical world in lectures and seminar classes, 
leading to students’ inability to think critically or develop their intellectual skills. This handicaps 
their abilities to gather, analyze, synthesize, and process different types of information. Traditional 
teaching practices have contributed to the view of architecture as an art-based profession 
oversimplifying other critical views of it as a knowledge-based or research based educational 
discipline and profession [10]. In response, current discourses have heavily emphasized the value of 
knowledge acquisition and of the introduction of research based pedagogy. 
 
 
3.0 Method 
 
Through a critical review of existing literature from on line data base (Elsevier, ISI web of 
knowledge and Google scholars) and a pilot survey carried out in Universiti Teknologi Malaysia, 
the paper defines what the new pedagogy in Architecture in the new dispensation of the threat of 
global warming is. It explain the new trend of design sweeping in all forms of building 
sustainability; which most emerging schools of architecture curriculums are based on. Also it 
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elaborates the differences between conventional buildings and sustainable buildings as it affect 
architectural education in the new paradigm shift to sustainability. 
 
4.0 Discussion 
 
Several education theorists including Kolb, [11] voiced the opinion that experience should 
be an integral component of any teaching/learning process. Their work can be traced back to the 
famous dictum of Confucius around 450 BC “Tell me and I will forget. Show me and I may 
remember. Involve me and I will understand.” Experiential learning refers to learning in which the 
learner is directly in touch with the realities being studied [12]. It is contrasted with learning in 
which the learner only reads about, hears about, talks about, writes about these realities but never 
comes in contact with as part of the learning process. Mistakenly, some educators equate 
experiential learning only with “off campus” or “non-classroom” learning. 
 
However, in architectural pedagogy a class in history or theory of architecture might 
incorporate periods of student practice on theory exercises and critical thinking problems rather than 
consisting entirely of lectures about theories of architecture and the work of famous architects [13, 
14]. Learning through experience involves not merely observing the phenomenon being studied but 
also doing something with it, such as testing its dynamics to learn more about it, or applying a 
theory learned about it to achieve some desired results. Evaluation as a valuable research vehicle 
needs to be introduced both in lecture courses and design studios, establishing a knowledge base 
about the built environment that has the capability of endowing students with more control over 
their learning, knowledge acquisition, and design actions and decisions [15].  
 
Habraken argues that: We need to teach knowledge about everyday environment. How it is 
structured, what we can learn from historic and contemporary evidence, how different examples 
compare, how it behaves over time and responds to change of inhabitation or other circumstances… 
Teaching architecture without teaching how everyday environment works is like teaching medical 
students the art of healing without telling them how the human body functions. You would not trust 
a medical doctor who does not know the human body. Knowledge of everyday environment must 
legitimize our profession… [16]. 
 
A. Conventional Buildings  
 
Conventional building refers to the traditional type of constructed buildings, where the 
construction knowledge is passed from one generation to the other. The purpose of these buildings 
is to shelter the occupants from elements of weather and sometime could be sustainable to some 
extent [18]. 
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B. Sustainable Buildings  
 
On the other hand a sustainable building has less negative effect on the occupant’s and less 
impact on the environment. Buildings have a significant impact on energy use and the environment. 
Commercial and residential buildings use almost 40% of the primary energy and approximately 
70% of the electricity in United States [19].  
 
C. Architectural Education in the New Paradigm Shift  
 
Though the recent emergence of “green” practices and technology is positive, 
architecture’s faith in technology overcoming all obstacles with more technology has not been 
sufficiently questioned. Until this occurs, sustainable practices will remain surface endeavours and 
will not truly change architectural convention. Architects must re envision technology as a 
revelatory process for gaining authentic insight, in the process of architectural design and building 
construction. This is paramount for what enhances both the conventional and new form of buildings 
to be sustainable is technology. Foremost, it is an ethical issue entailing a shift in how the 
Human/Nature relationship is envisioned. Only then we can develop environmentally responsible 
strategies integrating technology and ecology [20].  
 
 
Fig. 1; proposed framework for integrating experiential learning into architectural Pedagogy; 
Source: adopted from [17]. 
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5.0     Conclusion 
 
In recognizing architecture as pedagogy, we must first recognize that learning process 
occur beyond classroom through everyday experience. According to experiential learning theory, 
learning is a process whereby knowledge is created through the transformation of experience and 
knowledge results from the combination of grasping and transforming experience [21].  Real life 
experiences can provide students with opportunities to understand the practical realities and 
different variables that affect real-life situations. Typically, educators focus on offering students 
readymade interpretations about the built environment rather than developing their abilities to 
explore issues that are associated with the relationship between culture and the built environment. If 
they do, they place emphasis on one single culture, which is their own. 
The paper concludes by suggesting that sustainable Architectural education could be 
enhanced through a new Architectural pedagogical approach, where the new Architectural pedagogy 
incorporates the elements of sustainability that can be embedded in the curriculum of Architectural 
programme and it is technological driven. 
 
 
Acknowledgment 
 
The authors will like to acknowledge the staff of the Faculty of Built Environment 
Universiti Teknologi Malaysia for their cooperation and patience during the period of interview, 
especially Dr. Malsiah who provided most of the materials used. 
 
 
References 
 
1. Jones, D.S. (2000). Sustainability and Agenda 21: teaching sustainability, ideology and 
landscape, Landscape Review 6 (1): 36-47. 
2. Jones, D. S. (2010). Community resilience, climate change, sustainability & engagement:  
adventures in creative project-based education on the Eyre Peninsula, in Connect Ed 2010: 
Proceedings of the 2nd International Conference on Design Education, 28 June - 1 July 
2010, University of New South Wales, Sydney, Connect Ed, Sydney, N.S.W., pp. 1-7. 
3. Robert, A. E., Jane, H., Mark, W. & Phil, R. (2009). University Teacher Approaches to 
Design and Teaching and Concepts of Learning Technologies. Teacher and Teacher 
Education 25 (2009) 109- 117.  
4. Abdullah, N. A. G., Beh, S. C., Tahir, M. M., Che Ani, A. I. & Tawil, N. M. (2011) 
Architecture Design Studio Culture and Learning Spaces: A Holistic Approach to the 
Design and Planning of Learning Facilities. Procedia Social and Behavioral Sciences vol. 
15 pp. 27–32                               
5. Dutton, T. A. (1991) “The Hidden Curriculum and the Design Studio: Toward a Critical   
Studio Pedagogy”, in Thomas A. Dutton (ed.) Voices In Architectural Education, New 
York: Bergin and Garvey, pp. 165 – 194. 
6. Dutton, T. A. (1984) Design and Studio Pedagogy; Journal of Architecture Education 
 25 Sustainability in Built Environment   I 
7. Salama, A. M. (1996) Environmental Evaluation: A New Voice for Integrating Research 
into Architectural Pedagogy. Journal of Architectural Research. Cairo: Al Azhar 
University. November. pp 7-23. 
8. Sutton, S. (1984) Should Behavioral Studies Be Integrated Into the Design Studio. 
Architectural Record. July. pp. 43-48. 
9. UNC, (2012). 150 Teaching Methods. Center for Teaching & Learning Division of 
Academic Affairs, the University of North Carolina at Charlotte. 9201 University City 
Blvd, Charlotte, NC 28223-0001 · 704-687-8622 
10. Salama, A. M. (2005) Skill-Based/Knowledge-Based Architectural Pedagogies: Toward an 
Alternative for Creating Humane Environments. Keynote Speech: Proceedings of the 7th 
International Conference of the International Association for Humane Habitat-IAHH, 
Mumbai, India. 
11. Kolb, D. A. (1984). Experiential learning: Experience as the source of learning and 
development. New Jersey: Prentice-Hall.  
12. Keeton, M. and Tate, P. (eds) (1978) Learning by Experience. San Francisco, CA: Jossey 
Bass Publishers.Kolb, A., and  
13. O’Reilly, William (ed) (1999) Architectural Knowledge and Cultural Diversity. Lausanne, 
Switzerland: Comportments. 
14. Salama, A. M. O’Reilly, W. & Noschis, K. (eds.) (2002) Architectural Education Today: 
Cross Cultural Perspectives. Lausanne, Switzerland: Comportments  
15.  Salama, Ashraf (1999) Incorporating Knowledge about Cultural Diversity into 
Architectural Pedagogy. In W. O’Reilly (ed) Architectural Knowledge and Cultural 
Diversity. Lausanne, Switzerland: Comportments. P. 135-144 
16. Habraken, J. (2003) Questions that will not Go Away: Some Remarks on Long Term 
Trends in Architecture and their Impact on Architectural Education. Keynote Speech: 
Proceedings of the Annual Conference of the European Association of Architectural 
Education-EAAE. Hania. Crete, Greece. Pp 31-42. 
http://www.openhouseint.com/competi/JOHN%20HABRAKEN%20PAPER.pdf 
17. Salama, A. M. (2006). Learning from the Environment: Evaluation Research and 
Experience Based Architectural Pedagogy. CEBE Transactions, Vol. 3, Issue 1, April 2006 
Copyright © 2006 CEBE 
18. EAME (2010). Writing in Architectural Education Climate change; 
Sustainability/responsibility Ed. Ebbe harder ISBN-978-2-930301-45-7 
19. EIA. (2005). Annual Energy Review 2004. www.eia.doe.gov/emeu/aer/contents.html. 
Wash-ington, DC: U.S. Department of Energy, Energy Information Administration. 
20. Saggio, A. (2010) Paradigms in architecture and Architectural Education Enlisa South 
America Antigua Guatamela http://www.arc1.uniroma1.it/saggio/Conferenze/Guatemala/ 
(Report) 
file:///F:/Conventional%20bldg/Conventional%20Building%20Construction.htm 
21. Kolb, D. A. (1999). Bibliography of research on experiential learning theory and the 
Learning Style Inventory. Department of Organizational Behavior, Weatherhead School of 
Management, Case Western Reserve University, Cleveland, OH 
 
 26 Sustainability in Built Environment  I 
  
 27 Sustainability in Built Environment   I 
 
2 
 
Social Sustainability: Principles and Definitions 
 
Malik Tassaduq Abbas 
 
 
Abstract 
 
In recent years social sustainability has been increasingly recognized as a 
fundamental component of sustainable development. Although social 
sustainability has gained increased recognition, understanding of this 
concept is still unclear. This work addresses and explores the framework 
on understanding of the concepts and definitions of social sustainability 
by different scholars. An analysis of the selected social sustainability 
concepts shows that the selection of its key principles frequently is not 
based on theory but rather in a practical understanding of the issues. This 
work has identified six main dimensions of social sustainability; these can 
be used as criteria for evaluation and a methodological process for 
determining social sustainability of a project 
 
 
1.0 Introduction 
 
This work is based on qualitative content analysis of recently published studies on social 
sustainability. In recent years the social dimension (or social sustainability) has been increasingly 
recognized as a fundamental component of sustainable development. It has become entwined with 
the delivery of sustainable communities and urban sustainability. Although social sustainability has 
gained increased recognition, understanding of this concept is still unclear. Sachs [1] put it, at the 
fundamental level, it is still unclear whether the concept of social sustainability means the social 
preconditions for sustainable development or the need to sustain specific structures and customs in 
communities and societies. Littig and Griesler [2] state that there is still some ambiguity around 
what social sustainability is. This chapter addresses and explore the framework on understanding of 
the concepts and definitions of social sustainability by different scholars. This has enabled the 
development of the principles and their designations for the operationalisation of social 
sustainability.  
The focus is on aspect:  
 What are the social sustainability principles and their definitions?  
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This chapter addresses the framework of social sustainability objectives, measures and in particular 
the concepts and definitions of social sustainability by different scholars. 
 
2.0 Sustainability  
 
From Rio to Kyoto, Bali, and Copenhagen, one of the defining concepts of our contemporary global 
culture is “sustainability”. But what is sustainability and how is it justified? What are we trying to 
sustain? Different answers have been given by different groups that reflect their own interests. 
Sustainability is at it’s heart, a matter of ethics.  
The term sustainability appeared in the early 1970s as the awareness of the modern 
environmental crises crystallized. A series of articles, books, international congresses and speeches 
that places on the agenda the need to re-evaluate the development process because of the damage 
that it was causing to “nature”; that is, to the ecosystem on which the whole development enterprise,  
as well as human life, depends. The concept of sustainability is not necessarily modern: Gibson et al 
[3] imply that the concept of sustainability, as an old wisdom, has been around since the dawn of the 
time in most communities.  
Gomis et al [4], refer to sustainability as ... “a moral way of acting, and ideally habitual, in 
which the person or group intends to avoid deleterious effects on the environmental, social and 
economic harmonious relationship with those domains that is conducive to a flourishing life”.  
Hodge and Hardy [5], state the sustainability concept as: “In general terms the idea of 
sustainability is the persistence of certain necessary and desired characteristics of people, their 
communities and organisations, and the surrounding ecosystem over a very long period of time 
(indefinitely). Achieving progress towards sustainability thus implies maintaining and preferably 
improving, both human and ecosystem wellbeing, not one at the expense of the other. The idea 
expresses the interdependence between people and the surrounding world.” 
The most widely accepted model of sustainable development was initially defined in the Brundtland 
Report as “development that meets the needs of the present without compromising the ability of 
future generations to meet their own needs”. It was then expanded in Agenda 21. The model is 
founded on a state of equilibrium across three independent sustainability dimensions-economic, 
environmental and social.  
 
The Three Dimensional Concept of Sustainability.    
The three pillars of sustainability are called ecology, economic and social.  
 
i) Ecological Sustainability. Although it is difficult to measure, it raises the least controversy and 
disagreement. It refers to the maintenance of the ecosystem, the conservation of species and a 
genetic stock that would guarantee resilience in response to external shocks or impacts. It also 
includes maintenance   of natural resources and climate integrity. According to Fuladori [6], on the 
whole, ecological sustainability corresponds to the concept of conservation of nature, in the sense of 
nature as external to humans. 
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ii) Economic Sustainability.  “Rees and Wackernagel [7] describe economic sustainability as, It is 
usually used as a synonym for economic growth and productive efficiency. This raises the question 
as to whether limitless growth, is congruent with ecological sustainability". 
According to the orthodox school of development thought, economic growth cannot be limitless. 
From a soft ecological economist approach, and for environmental economists, it would be enough 
to correct the productive processes in order to obtain a sustainable capitalist development.  
 
iii) Social sustainability. The concept of social sustainability has created the most controversy, and 
has changed more in its content during the last 30 years than other notions of sustainable 
development Lèlè [8].  According to the Brundtland Report, social sustainability seeks to preserve 
the environment through economic growth and alleviation of property.  
 
3.0 Social Sustainability   
 
There is general agreement that the different dimensions of Sustainable development (i.e. 
environmental, economic and social) have not been equally prioritised by policy makers within the 
sustainability discourse [9] [10]. 
The three domains should be given equal treatment. It is based on the conclusion that 
human needs cannot be sufficiently met just by  providing an ecologically stable and healthy 
environment, the social and cultural needs ought to be taken care of as well. Ecology, economy and 
social matters are three individual- albeit connected systems, which will have to remain stable in 
long term so as not to jeopardise the achievements of civilizations [11].  
In addition, the concept of social sustainability has been under theorised and there have 
been very few attempts to define social sustainability as an independent dimension of sustainable 
development. According to Colantonio [12], there is no consensus on the definition of social 
sustainability because this concept is currently being approached from diverging study perspective 
and discipline specific criteria making a generalised definition difficult to achieve.   
The relatively few definitions suggested to date are reported below. These provide an 
overview of the plethora of social sustainability interpretations.  
 
4.0 Definitions: 
 
...social sustainability must rest on the basic values of equity and democracy, the latter meant as the 
effective appropriation of all human rights-political, civil, economic, social and culture- by all 
people. Sachs [1]. 
...a quality of societies. It signifies the nature-society relationships, mediated by work, as well as 
relationships within the society. It is an extended set of human needs (and) are shaped in a way that 
nature and its reproductive capabilities are preserved over a long period of time and the normative 
claims of social justice, human dignity and participation are fulfilled [11]. 
...social sustainability can be broadly defined as the maintenance and improvement of well-being of 
current and future generations [13].  
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...the conditions incorporated equity of access to key services (including health, education, 
transport, housing and recreation), as well as equity between generations, meaning that future 
generations will not be disadvantaged by the activities of the current generation [14].  
...the goals in urban setting are what make society strong and liveable, now and into the future   are 
including equity, diversity, interconnectedness, quality of life and democracy and governance [15].  
...in the notion of urban social sustainability, it is summarized as basic needs and equity are 
consistently being held as fundamental pillars [16].   
...social sustainable projects refer to maintenance and improvement of well-being of current and 
future generations. Urban developments should create harmonious living environment, reduce social 
inequality and divides and improves quality of life in general [17].  
...social sustainability is a system of cultural relations in which the positive aspects of disparate 
cultures are valued and promoted and the need for participation of citizens, it is regularly interpreted 
from three perspectives: development oriented, environment oriented, and people oriented [18].  
...provided an operational explanation, where two ideas were identified as core of social 
sustainability. Firstly, social equity issues or “sustainable community”. Secondly, continued 
feasibility, health and performance of “society” itself as a communal entity.  Bramley et al [19] [20]. 
...development (and/or growth) that is compatible with harmonies evolution of civil society, 
fostering an environment conducive to the compatible cohabitation of culturally and socially diverse 
groups while at the same time encouraging social integration, with improvements in the quality of 
life for all segments of the population [21].  
...Social Sustainable development represents the formation of social systems that enable education 
standards to rise and a nation’s health and overall standards of living to improve. Pearce et al, [22]. 
 
Other authors do not provide a general definition of social sustainability but instead, suggest key 
themes, topics or principles for it’s operationalisation. An analysis  of the selected social 
sustainability concepts shows that the selection of its key principles frequently is not based on 
theory but rather in a practical understanding of the issues.  
The discussion on social sustainability is quite complex. It shows that social sustainability 
concerns how individuals, communities and societies live with one another to achieve the objectives 
of the development models that they have chosen for themselves.   
Just as the definitions of social sustainability vary, so do the various constructs to define a 
model of social sustainability.  
 
5.0 Conclusion 
 
The concept of social sustainability is reviewed. Although different authors have come up with 
various definitions, a better understanding of the dimensions that underpin the concept within 
different fields can facilitate the translation of this convoluted concept. Based on this review it is 
found that on the one hand many aspect are similar and there seems to be a common understanding 
of what social sustainability is, on the other hand it became evident that context dependency 
influences the relevance and interpretations of the more detailed aspects of social sustainability.  
After reviewing the social sustainability literature and the evidence that has been 
discovered from the works, six dimensions of social sustainability have been identified.  
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These six most common dimensions or fundamental pillars of social sustainability are: Quality of 
life, Equity, social cohesion or community stability, participation and interconnectedness, diversity 
and tolerance and democracy and governance.  These dimensions provide the foundational 
principles for the evaluation of social sustainability.  
Yet again, Colontonio [23] highlights that these “traditional” themes are increasingly being 
replaced by the emerging more intangible and less measureable or “soft” concepts. These 
dimensions are Demographic change, social mixing, identity, sense of place and culture, 
empowerment, health and safety, social capital, well being, happiness and quality of life.  
This work has identified six main dimensions of social sustainability, these can be used as 
a criteria for evaluation and a methodological process for determining social sustainability of a 
project. Now, a  definition of limits of acceptance of the six most common dimensions should be 
agreed upon and then finally indicators can be determined that will allow for performance 
evaluation of locally determined sustainable development objectives that capture local issues and 
concerns.  
This chapter has contributed to the growing literature on social sustainability by providing a review 
of the concept and associated concepts deduced from the definitions. This has led to identification 
of dimensions of social sustainability and aspects that influence the built environment in one way or 
another. 
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Urban Unfriendliness in Streetscape: 
 A Case Study of Jalan Tuanku Abdul Rahman 
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Abstract 
 
Kuala Lumpur has many areas of historic and cultural significance that 
are worthy of preservation for sustainable development. However, with 
rapid development, many of the historic areas, including Jalan Tunku 
Abdul Rahman (TAR) are subjected to urban modernization. The 
uncontrolled developments have resulted in the construction of new 
buildings sandwiched in between old buildings, that creates ‘unblend’ 
images in terms of architectural styles and images as well as creating 
other outdoor quality problems. The street comes alive early in the day 
and is always bustling with activities as shoppers throng the street for its 
many boutiques and shopping arcades. Many deficiencies are found such 
as unlicensed hawkers and vendors encroach into pedestrian walkways 
while some buildings do not permit public access across their property 
boundaries thus, leaving little or no space for pedestrian movement. 
Similarly, not many buildings provide pedestrians with proper protection 
from the sun and rain. These create unsatisfactory feelings amongst the 
end-users in terms of their comfort and safety. The paper highlights some 
deficiencies found in the street and critically comments on how the 
existing conditions can be improved. Some of the strategies highlighted 
include: proper revitalization of the traditional street, and upgrade the 
quality and safety of the outdoor spaces by providing pedestrianisation 
project. 
 
 
Keywords 
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1.0 Introduction 
 
The issue statement of urban unfriendliness in streetscape is no longer a new issue, as it has already 
been raised in some European cities since 1970s [1] and has constantly become a public concern. 
There has also been studies on urban streetscape from various aspects, such as compositional and 
sequential view by Gordon Cullen (as in [3]). environment perception by [4], and collective 
behavior of pedestrian on urban streets by William H. Whyte (as in [5]). etc. However, there had 
been considerably less study on urban streetscape in Asian cities in terms of physical conditions and 
its impact on public life. Kuala Lumpur for example, has many areas of historic and cultural 
significance that are worthy of preservation for sustainable development. However, with rapid 
development, many of them including Jalan Tunku Abdul Rahman (TAR) are subjected to urban 
modernization. The uncontrolled developments have resulted in the construction of  new buildings 
sandwiched in between old buildings, that creates ‘unblend’ images in terms of architectural styles 
and images and other environmental quality problems as well as unsatisfactory amongst the end-
users.  
 
2.0 A Scope Of Study 
 
The study area is located within the core of Kuala Lumpur. The street name is Jalan Tuanku Abdul 
Rahman (TAR). This street begins from Chow Kit area, and along the way intersects with Jalan 
Sultan Ismail and Jalan Tun Perak. The area is located between two major light rail systems namely 
Chow Kit station (Monorail system) in the north and Masjid Jamek and Pasar Seni stations (PUTRA 
LRT system) in the south. The length of the street is approximately 2.58km. Within the study area, 
both sides have rows of old as well as new commercial buildings such as hotels, office lots, shop 
houses, bazaars, restaurants, bookstalls and the likes. Both sidewalks are well developed with 
necessary facilities and this street was chosen because of its varied land uses and it is known as a 
heaven for shoppers. There are many activities found in the street, hence making it busy and 
congested almost all the time.  The followings are critical comments made by authors on the case 
study on how the existing conditions can be improved, based on the literature review, visual 
observation made as well as comments made by the end-users.  
 
3.0 Urban Heritage Development Versus Globalisation 
 
Figure 1.1 shows Chow Kit area at Jalan TAR in the early 80s and its condition in the year 2012 
(Figure 1.2). Through observation, the majority of the historic buildings within the Jalan TAR are 
still in use as shown in the recent picture in the figure. However, some old historic shop houses had 
been demolished and the new buildings were built in their places, without considering the continuity 
of the old architectural styles, images (façade treatment) and buildings’ height. Wan Ismail 
emphasized that some of the reasons that lead to the destruction of historic buildings are natural 
decay, neglect by owners and occupiers, new developments, lack of awareness by the public and 
inadequate maintenance.[15] Whilst, Samadi and Mohd Yunus found that the problem with 
conservation is it’s limitation of control within the individual lot of shop houses unit only.[12] The 
shop houses owners have their personal principle regarding the future of their property; such as for 
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personal ‘antique collection’ and some keep it for future higher purchase demand. They have high 
interest in turning their heritage shop houses into more marketable property. Many have already 
demolished their old heritage building and constructed new higher buildings for more profit-
makings without considering their impact on the development.[12]  
 
 
 
Figure 1.1: Jalan Tunku Abdul Rahman in the early 80s (source: Samadi and Mohd Yunus (2012)) 
 
3.1 Lack of controls by the local authority 
 
Kuala Lumpur has various influences either internally with its unique multi-cultural ethnic varieties, 
to the external influences brought about by its colonial occupiers. These influences created rich 
blend of cultures, sub-cultures, customs, traditions, artworks through the manifestation of folk 
culture and sub-cultures, creating a juxtaposition of a very unique society and build environment 
[7]. It is imperative that these features are protected and maintained to ensure the continuity of this 
uniqueness especially in the light of current prosperity towards large-scale globalization of cultures, 
interest and built environment. According to [7], in aspiring to improve the prestige and the quality 
of live in to suit the tourists who come to witness this unique place, overzealousness would 
sometimes drive the authority towards making drastic changes to the tangible and intangible context 
of the city, destroying the very essence in which the character of the city is based from. For 
example, the introduction of light-rail transit (LRT) and monorail systems in 1990s above Jalan 
TAR has narrowed down the street and created more traffic congestion, especially during the peak 
hours. At the same time, the viaduct and elevated rails also give some visual nuisance to the overall 
urban scape (see figure 2.0).  
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The uncontrolled planning on built environments by the local authority also led to a mixture of old 
and new buildings that are not united to each other in terms of architectural styles, form, texture, 
colours, façade treatment and building height that kills the ambience of an existing urban fabric.   
According to [15], the new development should be more sensitive towards the old architecture. The 
urban heritage buildings in the past have contributed to social, cultural and economical vibrancy of 
a city [11]. This is also consistent with research findings by [13], who stated that an existence of 
heritage buildings within the traditional urban fabric should be considered as ‘value-added’ element 
in planning and the construction of the new city-scape of heritage development. The planning 
authority should work hand in hand with National Heritage or conservation body in Malaysia to 
ensure that certain level of control is accorded to the ‘Town Planning Act, Act 172 (1976)’ to ensure 
that the development is in accordance to the specified regulations and guidelines imposed. The 
future structural plan for Kuala Lumpur should be strategized so that some historic areas can be 
gazette as ‘conservation zone’ and saved from being destroyed further in the future.  
 
3.2 Revitalization of Heritage Shop Houses 
 
To ensure the sustainability of the historic buildings they need somehow to be adapted to new uses 
according to the new needs of the inheritors. Some examples such as Central Market in Kuala 
Lumpur and Cheong Fatt Tze in Penang show that the original buildings were easily adapted to the 
changing patterns of the different stages of society, a value that resulted in their survival. In 
adapting an old building to a new use, it was emphasized by scholars that its original character must 
be preserved as much as possible (for example, [10], [15]). Therefore each building need to be 
studied before recommendation can be made on their new uses in the context of the needs of the 
community. This is to ensure the preservation of values in the historic building and that move may 
also reduce costs.[15] Conservation policies are thus laid in one way or the other to ensure that the 
heritage buildings are handled to retain its originality. Thus, the enforcement of conservation 
policies is another aspect that can help to ensure the survival of the historic buildings.  
Through observation, the majority of the historic buildings within the Jalan TAR are still in use. 
This includes Colesium cinema which has been re-adapted and extended its use to become a 
Figure 2.0: New Elevated LRT rail and monorail destroy the old character and street scape at Jalan TAR 
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colisieum café and hotel. Another example is Noble Hotel which maintains its historic architectural 
styles to suit other old and historic building façade (see Figure 3.0). 
 
3.3 Lack of awareness and participation amongst the stakeholders 
 
According to [7], the main drawback of urban conservation in Malaysia is  hypothesized by the 
conflicting ways in which various stakeholders perceive the role of urban conservation. They failed 
to see that conservation is directed among other things to: maintaining places of architectural and 
cultural significance i.e., a whole neighborhood, part or even the entire town and it focuses on 
ensuring a harmonious relationship of old and new. The key to a common goal in achieving 
successful urban conservation is in the understanding of the appropriate approaches towards 
tackling the complexity of issues in a ‘living city’ as in the case of Jalan TAR by these stakeholders.  
The strategy of revitalization is through enhancement of its revitalizing attributes in heritage streets. 
This is agreed by [12] who state that the development and livability of heritage streets calls on 
active participation of shop houses owners, designers, developers, local authority, and end users in 
the conservation zone concerned to ensure that the future development made are carried to their 
interest [7].  
  
4.0 Poor Facilities For Pedestrians 
 
4.1 Pedestrians are not protected from Sun and Rain 
 
As stated before, there are many activities can be found in Jalan TAR and it is a heaven for 
shoppers.  People choose to walk only if the route offers high levels of interests and aesthetics in 
terms of people, activity, and architecture.[13] However, according to [2] and [9], the pedestrian 
found it uncomfortable to walk along the provided pedestrian walkways at Jalan TAR due to several 
reasons. In an equatorial climate such Kuala Lumpur’s, the annual daily average humidity is very 
high i.e., at 70-80 percent, whilst, the daily temperature may soar up to 38oC at 3.00p.m. The 
presence of heavy rainfall in Malaysia also deters the pedestrian to walk on the sidewalk provided 
(see figure 4.1). Many new buildings provide no protection from for pedestrians from the harsh heat 
of the sun and rain, unlike the old colonial shop houses that provide a continuous covered pedestrian 
corridor to for pedestrian to be more comfortable and safe whilst shopping.  
 
 Figure 3.0: Colesium Cinema, Hotel and Café and Noble Hotel which have 
been re-adapted in their usage at Jalan TAR 
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If Jalan TAR were to be designated as a conservative zone in future, the pedestrian welfare needs to 
be taken into consideration. The interior of old and historic shop houses can be re-adapted in usage 
for café or antique collection and the landscaped courtyard can provide good source of natural 
lightings and ventilation for the buildings’ occupants and visitors. This area provides a conducive 
place for customers to seat and rest after they were tired shopping, as has been done in some of the 
historic shop houses in Malacca and in Penang (see figure 4.2).  
 
4.2 Obstruction on Pedestrian Walkways and Road Shoulder  
 
Lingam who asked 64 respondents on the whether Jalan TAR is considered as friendly to users 
found out that 83.33 % of them are not happy walking along the street.[9] The respondents 
complained that the beggars, food stalls and street hawkers create problems for them to walk 
smoothly on the sidewalks. He also found that people simply parked their vehicles at their own 
conveniences either on the sidewalks itself or on the road shoulders (see Figure 5.0). Many facilities 
can also be found on the sidewalks such as traffic signs, parking meters, traffic signal poles, 
mailboxes, telephone booths, plumbing meters, kiosks, streetlights, mailboxes and litterbins. 
However, the good intention of providing these facilities is offset due to poor placement and 
Figure 4.1: Jalan TAR during raining days 
Figure 4.2: Courtyard inside the Shop 
House 
Figure 4.2: Courtyard inside the Shop House 
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improper planning. However, the good intention of providing these facilities is offset due to poor 
placement and improper planning. 
 
 
 
 
These items of furniture create obstructions to the pedestrian and apparently reduce the speed of 
movement, as pedestrians have to avoid these facilities. Even though it is important to provide these 
facilities to the public, they should be appropriately located and priority should be given to 
pedestrian safety and comfort. Care should be taken in order to avoid pedestrian conflict and to 
ensure a smooth pedestrian movement.  
 
 
Figure 6.0: Street Vendors in big and colorful pavilions add the vibrants to the traditional shopping street 
 
To mitigate the above problems,[9] suggested that the city council should consider to introduce a 
landscape to buffer between the sidewalk and the street. The hawkers should also be zoned at 
certain areas with more proper facilities provided for them. This is in line with findings made by 
[13] who suggested that the vendor units should be re-organised with proper facilities for them to 
sell their merchandises. This has been done successfully for example, as in Jalan Masjid India 
(Figure 6.0) that shows the street vendors are now located and re-organised in big and colorful 
pavilions that add the vibrant to the traditional shopping street. The pedestrians can now shop in 
more comfortable and safe without being hassled by vehicles and fully protected from rain and sun.  
Lingam also suggested that the sidewalks should be more friendly to the elderly, women 
with small children and disabled persons. [9] The elderly and disable persons for example, need 
Figure 5.0: Street Vendors on Pedestrian Walk Provides Obstruction to Pedestrians 
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special requirements in the walkway and other related facilities such as ramps and ‘beeping’ 
crosswalks. 
 
4.3 Inadequacy of Public Parkings 
 
Decades of development along the street have resulted inadequate car parks, excessive curb cut 
(driveway openings), and conflicting and inefficient land uses.[9] All this has resulted in poor traffic 
circulation, pedestrian hazards, and a negative impact on end users. However, according to [14], we 
have to take urban growth as a chance for sustainable development. The challenges are indeed both 
urgent and impressive.  
The significant traffic and parking problems in this street are in part attributable to the lack 
proper planning thru zoning of activities. Under the Dewan Bandaraya Kuala Lumpur [6] structure 
plan, a proper allocation for adequate car and motorcycle parking at their designated zone is a 
crucial factor. While emphasizing the need for car park and motorcycle space, the city council 
(DBKL) must clarify the trans-local and transnational relevance of urban development issues. It is 
necessary to link the various bodies and agencies which carry out important work for continuous 
sustainable development in a constructive partnership with common goals.[14] 
The future of humanity in city will be shaped largely by urban conditions. The quality of 
urban environment will depends on the chance to solve conflict within transportation and traffic 
control in the city as well as on whether or not governments find ways of coping with accelerating 
urban growth, and whether or not local authorities succeed in combating usage of public 
transportation woes, limiting automobile traffic, and securing social needs.[14] 
 
4.4 Restriction to cars 
 
 According to [14], in reducing traffic flow the cities, the vehicles need to be restricted to enter the 
city by zoning the city according to activities done in certain areas. The vehicle owners need to buy 
entrance coupons to enter some particular areas that they most frequently visit in the city, hence the 
numbers and the movements of the vehicles can be monitored and limited by the city council. This 
is practiced in many big cities in the world such as in Singapore and many historic cities too such as 
in York and Bath in the United Kingdom.[15]  
The users are also encouraged to take alternative transportations to go from one place to 
another such as by bus, monorail and light rapid transit, which run every 15 minutes at several 
locations in the city of Kuala Lumpur. The local streets should be simple, memorable, and direct, 
avoiding circuitous routes, so that the pedestrians can walk easily without getting loss. 
Connectedness, continuity, and a formal pattern within this network are essential for pedestrian 
friendliness. Streets should converge into common visible destinations such as core commercial 
areas and parks. Wherever possible, streets should frame vistas of public buildings, parks, and 
natural features. There should be a variety of streets based on pedestrian and vehicular use.[8] 
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Figure 7.0: Pedestrianisation to increase the quality of walking experience 
 
4.5 Street for pedestrians 
 
According to [9], the local authority can also increase the safety of pedestrians by segregating 
pedestrians and vehicles. Simple pedestrianization project such as creating “bulb-outs” or changing 
road surface materials and widening sidewalks can be employed.  
The quality of the walking experience can be further improved by intermittently placing 
benches against the buildings so people can sit and enjoy watching the active street life. In addition 
to traditional benches, other forms of seating such as moveable chairs, wide ledges, and steps should 
be encouraged. The attractiveness of the street can be improved by including colorful storefronts, 
outdoor exhibits, and attractive landscaping and encouraging kiosks, fruit and vegetable stands, 
sidewalk cafes, outdoor eating, and artists and street performers. Good example of the 
pedestrianised street is such as in an Arab Street in Singapore (Figure 7.0). People can enjoy 
shopping there in calm with many amenities are within reach such as the mosque and good eating 
out restaurant or café.  
The city could also manage loading times for businesses and consider traffic-management 
strategies to accommodate rush hour traffic. Consideration may be given to establishing a plan to 
make alleys accessible to service vehicles. Strategies to improving safety include better lighting and 
foot patrols by police officers. Techniques for narrowing street widths include physical reduction of 
street widths and a corresponding increase of sidewalk areas, provision of green strips and trees 
should make Jalan TAR a pleasant urban friendly street.[9]  
 
5.0 Conclusion 
 
The existence of heritage buildings within the traditional urban fabric has value-added for 
construction the new of city scape of heritage development. The local authority and other 
stakeholders should play more roles in planning and controlling on built environments to ensure that 
a mixture of old and new buildings are united to each other in terms of architectural styles, form, 
texture, colours, façade treatment and building height that can contribute to the positive ambience of 
an existing urban fabric. The new development should be more sensitive towards the old 
architecture.  
 Besides that the local authority and other heritage city management has to create a balance 
development to keep the social solidarity and to  put an effort to solve the problems associated with 
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urban and pedestrian unfriendliness along Jalan Tuanku Abdul Rahman. The attractiveness of the 
outdoor spaces can be improved by providing colorful storefronts, outdoor exhibits, and attractive 
landscaping and encouraging kiosks, fruit and vegetable stands, sidewalk cafes, outdoor eating, and 
artists and street performers.  Techniques for narrowing street widths include physical reduction of 
street widths and a corresponding increase of sidewalk areas, provision of green strips and trees 
should make Jalan Tuanku Abdul Rahman a pleasant urban friendly street. The significant 
revitalization efforts projects along Jalan TAR should be designed and implemented to increase the 
vitality of the urban space apart from boosting the comfort and safety of the end-users.  
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Integrating Biodiversity and Carbon Sequestration 
Benefits for Sustainable Cosntruction  
 
Faridah Shafii, Mohamed Zahry Othman 
 
 
1.0 Introduction 
 
The way we planned, design and constructed our buildings have a significant impact upon the 
environment. The negative impacts by construction and  developments  upon the environment are 
well known [1, 2]and now receiving many attentions worldwide from all levels of stakeholders.          
Construction projects, whether commercial developments, housing estates, infrastructure or public-
sector projects, all have the potential to damage natural habitats, threatening wildlife and plant 
species. The construction industry,  therefore has an important role to play in protecting sensitive 
sites and minimising damage to ecology. There is generally a poor understanding of biodiversity 
issues within the construction industry.  
              Malaysia is known for its rich biodiversity , meaning it has a very large variation of life 
forms in the environment. The term ‘Biodiversity is used to describe the variation of life forms in a 
particular  ecosystem and is often used as a measurement of the health status of the environment. 
             Over the past few decades development has caused displacement and degradation to many   
natural flora and fauna causing reduction in  biodiversity in many locations worldwide, including 
Malaysia.  Biodiversity and conservation of natural resources have since become  a cause for 
concern and mitigation amongst decision makers and governments worldwide. 
             Biodiversity of landscape plays an important role in climate mitigation as vegetation can 
sequester carbon dioxide from the atmosphere.  As such biodiversity has  been incorporated into the 
frameworks and guidelines related to the subsequent implementation of the Kyoto Protocol [3]. 
Biological carbon emissions and sequestration from different land uses, land-use change and 
forestry must be accounted for, so as to fulfil international obligations to produce national 
inventories of greenhouse gas emissions by sources, and removal by sinks, as well as meeting 
reporting requirements under the Kyoto Protocol.This includes recording carbon loss and capture 
because of the conversion of land through the process of urbanisation. The Clean Development 
Mechanism (CDM) and  Reduced Emissions from Deforestation and Forest Degradation (REDD) 
initiatives, have also explicitly mentioned that carbon sequestration activities should be compatible 
with the preservation of biodiversity [3].  
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             Malaysia’s commitment to reduce its emissions by 40% in 2020 from 2005 level serves  as 
a driver for many green initiatives among stakeholders.  Apart from applying green technologies 
and enhancing  greeneries, with the notion that the site’s biodiversity is safe guarded,  there is very 
little understanding    on biodiversity conservation amongst stakeholders.   A decision making tool 
to  facilitate  stakeholders in these efforts is  pertinent to  ensure   sustainable development  of sites 
without comprising  the  future  of the existing habitats.  In addition,  combining the biodiversity 
and carbon sequestration objectives would certainly enhance the national strategies towards low 
carbon environment. 
            This paper describe the impacts of construction and development  upon biodiversity through 
assessment  of  ecological values and carbon sequestration of a site.  A decision making  tool  for  a 
combined  biodiversity and carbon sequestration objectives is proposed for  climate  mitigation 
measures and  limiting the impacts  of construction and development upon the built environment. 
 
 
1. Impacts Of Construction And Development 
 
Each plot of land supports a certain habitat, and is part of the biodiversity of the region. Therefore, 
clearing and removal of surface vegetation have adverse  impacts  upon the biodiversity and 
ecological systems .  
                In most cases,   land clearance in construction involves top soil removal. Top soil is the 
most productive soil layer. Microorganisms, seeds, and roots are stored within this layer of soil.  
One hectare of topsoil can contain up to 5 tonnes of living organisms and because it can take more 
than 500 years to form a 2cm thickness, it is in practical terms non-renewable [4]. Removal of 
topsoil due to excavation will lead to high water requirement for future landscape purposes and will 
prevent the growth of native plant species. 
             Site also has a large social function, through providing the basis for greenspace, including 
gardens, playing fields and public open space. The latter provides cultural and social benefits that 
include increased well-being, physical and psychological health, and connection with nature. It 
consequently plays an important part in how people live. 
             Land clearing  changes the topography , increases erosion and sedimentation of waterways, 
alter the drainage patterns  and reduces water quality.  Silt and soil that runs into natural waterways 
turns them turbid, which restricts sunlight filtration and destroys aquatic life. 
           Stormwater runoff from construction activities can have a significant impact on water 
quality. As stormwater flows over a construction site, it collects pollutant like sediment, debris, and 
chemicals and transport these to a nearby storm sewer system or directly to a river, lake, or coastal 
water. The  soil disturbance  resulting from these activities  in turn  affect the carbon storage in 
soils.  Soil carbon storage is a vital ecosystem service, resulting from interactions of ecological 
processes.  
           With increase    urbanisation ,  there is a continuous   threat to the environment  through 
ongoing carbon  net loss and declination of ecological systems. Recent reviews of natural resource 
management  programs have highlighted the expense and difficulty in restoring an area to original 
condition and prohibit  further clearing  given the  existing problems and environmental challenges 
being dealt with in cleared landscapes.  
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2. Designing For Biodiversity 
 
                 Land use change and transformations are key drivers of changes in biodiversity at global, 
national and local scales therefore awareness of the relationships between land use and biodiversity 
is fundamental to understanding the links between  people and their environment. 
                The  construction sector contributes to a significant loss of biodiversity.  As land is 
developed for residential and commercial use, its ability to provide ecosystem services diminishes.  
Urban regeneration also poses the greatest challenge to the conservation of the  natural environment. 
Some species are almost wholly confined to the habitat provided by built structures, or spend a 
significant amount of their lives in, on or around them. Therefore, it is important that the 
management of any existing built environment  takes account of wildlife, and that new 
developments are built with biodiversity in mind. The  changes in the quantity, quality and spatial 
configuration of different aspects of land use affects  the  different components of biodiversity, and 
factors which might drive these changes [5].  
                 Biodiversity does not  only  measure the overall richness of species present in a particular 
area but also the diversity of genotypes, functional groups, communities, habitats and ecosystems. 
As a result, the relationships between biodiversity in its broadest sense and land use can be complex 
and highly context dependent. Moreover, the relationships between them are often two-way, so that 
simple relationships between cause and effect can be difficult to identify. In some places, specific 
land uses or land management practices may be important in sustaining  particular patterns of 
biodiversity. Elsewhere, landuses are highly dependent on the biodiversity resources present[6] 
                  
       Designing  for biodiversity promotes the ecological function of a built structure and environs in 
its local context.  It can be incorporated into development through wildlife-friendly landscapes, 
installation of sustainable urban drainage schemes (SuDS), and features such as green walls, 
balconies and roofs, and nesting  spaces. Designing for biodiversity  if undertaken in a sympathetic 
manner can  benefit developers in several ways: 
 Offering developers the chance to secure planning approval;  
 Engaging the support of local communities;  
 Demonstrating corporate social and environmental responsibility, and achieve a unique selling 
point for development;  
 In some cases, financial savings compared with a traditional landscaping approach;  
 Users and occupiers of buildings can be provided with animated or diverse landscapes, and may 
enjoy the environmental benefits provided by reduced stormwater run-off, shading, insulation 
or 'natural air-conditioning'; and 
The conservation of biodiversity  requires the consideration of how a built structure can minimise 
any adverse impact upon the local ecology. Stakeholders need to be educated and understand how a 
good decision making on land use leads to enhanced or  deterioration of  biodiversity. The choice of 
sites and  avoidance of  ecological sensitive sites could make a vast difference to the overall 
biodiversity sustainability of a development or construction.  Since biodiversity  provides a 
powerful driver for environmental and sustainable design,  such awareness raising  is vital for  
achieving a sustainable approach to any construction , development and regeneration projects [6]. 
Clearly, for a successful implementation, the  challenges  lie with  the need to develop more 
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comprehensive monitoring systems,   modelling and scenario tools to assess the impacts of 
construction and development projects upon biodiversity at large. 
 
3.  Existing Studies On Landuse And Ecology 
 
Provisions for Land use and ecology  promotes initiatives to improve or reduce impacts on 
ecological systems and biodiversity. 
                  The Sustainable Sites Initiatives  (SSI)[7], an  interdisciplinary effort by the 
American Society of Landscape Architects,  University of Texas  and the United States Botanic 
Garden, established  a voluntary national guidelines and performance benchmarks for 
sustainable land design, construction and maintenance practices. The SSI   provides a 
prescriptive standard for sustainable  site development  with criteria for sustainable land practices 
that will enable built landscapes to support natural ecological functions by protecting existing 
ecosystems and regenerating ecological capacity, where it has been lost. This standard  focuses on 
measuring and rewarding a project that protects, restores and regenerates ecosystem services 
benefits provided by natural ecosystems such as cleaning air and water, climate regulation and 
human health benefits.  
                   BREEAM (Building Research Establishment  Environmental Assessment Method) 
[8][describes an environmental  standard) for new and existing development  to be assessed, rated 
and certified.  In BREEAM the performance of  buildings are evaluated based on the following 
metrics :  
i. Management 
ii. Health & Wellbeing 
iii. Energy 
iv. Transport 
v. Water 
vi. Materials 
vii. Waste 
viii. Land Use & Ecology 
ix.  Pollution 
 
The BREEAM -  Land Use and Ecology category  address  issues which the construction and/or 
operation of the building may have on the ecosystem. Included are credits that cover building 
location relative to sensitive ecosystems, the re-use of formerly built upon land, topsoil 
conservation, land decontamination and change in ecological value. 
The BREEAM - Land and Ecology category addresses:  
 
i. Reuse of land - To encourage the reuse of land that has been previously developed and 
discourage the use of previously undeveloped land for building. 
ii. Contaminated Land - To encourage positive action to use contaminated land that 
otherwise would not have been remediated and developed. 
iii. Ecological value of site and  Protection of ecological features - To encourage 
development on land that already has limited value to wildlife and to protect existing 
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ecological features from substantial damage during site preparation and completion of 
construction works. 
iv. Mitigating ecological impact - To minimise the impact of a building development on 
existing site ecology. 
 
The assessment under Land and Ecology  evaluates the sustainability of  species within the 
development in terms of species populations. 
                  Green STAR [9] is  an environmental assessment system  in Australia which  recognises 
the importance of biodiversity whereby  it encourage  development on land that has limited 
ecological value and  discourage development on ecologically valuable sites. The biodiversity of 
sites in a development / construction project is assessed in terms of the ecological score made by the 
various landscapes types. The ecological scores are derived from ecological studies of landscape 
with prioritised ecological weights. 
 
In  UK, BRE and CIRIA [10]  developed the following set of complementary biodiversity indicators 
that allow the impact of construction projects on biodiversity to be measured. The indicators are as 
follows: 
i.  Impact on biodiversity: Product. 
ii. Impact on biodiversity: Construction Process. 
iii. Area of habitat. 
The set of  three biodiversity indicators  listed above  allows the impact of construction  products  
and construction processes on biodiversity to be measured. The indicators are designed to be as 
appropriate as possible to both industry users and environmentalists. This  method  of analysis 
requires a comprehensive  set of information on products, construction processes and habitats,  to 
give a holistic impact of construction on biodiversity. While  BREEAM, Green STAR and BRE & 
CIRIA methods are  good for countries with  established  biodiversity policies and strong principles 
in mind, such applications   could be an uphill task for  developing countries, where biodiversity 
initiatives are still in its infancy.  
 
Existing studies mentioned above made no linkages  between  biodiversity conservation with  
carbon sequestration goals , an emerging need recommended  by IPCC for climate mitigation.  
 
4. Carbon Sequestration Of Soils And Vegetation 
  
4.1 Soil Carbon Sequestration 
 
Soil carbon sequestration is the process of transferring carbon dioxide from the atmosphere into the 
soil through crop residues and other organic solids, and in a form that is not immediately reemitted. 
This transfer or sequestering of carbon helps off-set emissions from fossil fuel combustion and other 
carbon-emitting activities while enhancing soil quality and long-term agronomic productivity. Soil 
carbon sequestration can be accomplished by management systems that add high amounts of 
biomass to the soil, cause minimal soil disturbance, conserve soil and water, improve soil structure, 
and enhance soil fauna activity [11].  
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                 The destruction of vegetation which hold a significant amount of the carbon stored in 
terrestrial ecosystems contributes significantly to rising atmospheric carbon dioxide (CO2) levels 
linked to climate change. The amount of carbon stored in soil within the ecosystem is significant  
therefore it is important to understand the dynamics of soil carbon as well as its role in terrestrial 
ecosystem carbon balance and the global carbon cycle. 
                Terrestrial sequestration can play an important role in stabilizing CO2 concentrations, 
particularly in the next three to four decades. Scientists estimate that the terrestrial carbon pool is 
the third largest (after oceans and geologic processes), and contains about four times as much 
carbon as is held currently in the atmosphere.  
                Adoption of recommended management practices provides many value-added 
environmental  benefits by reducing soil erosion, improving soil fertility, creating new or improving 
existing habitats that encourage biodiversity, enhancing water retention and transmission, reducing 
fire risk and reclaiming degraded lands [11]. 
                In terms of  terrestrial sequestration of carbon dioxide , wetlands can play an important 
role in climate regulation at a local scale and may also contribute to climate regulation on a global 
scale.  They are widely recognized for their role in regulating carbon dioxide (CO2) and methane 
(CH4), two greenhouse gases implicated as main drivers of global climate change.  The potential 
cooling effects  through  reduction of carbon dioxide level is of particular interest in urban areas, 
where  heat island effects  could  raise the temperature by as much as 5°F (3°C). 
 
4.2  Carbon Sequestration by Vegetation  
 
Plants can play two fundamentally different roles as C sinks. By capturing atmospheric CO2 
through photosynthesis plants store large amounts of organic C in above and below ground biomass. 
This is particularly relevant for perennial trees and herbaceous plants with extensive root systems. 
Storing C in living biomass represents a rather short-term (decades to centuries) sequestration; when 
the plants decay, C is returned to the atmosphere. However, if they are well maintained or 
undisturbed, plants in an ecosystem can continue to act as a C sink for several centuries. 
              The rate of carbon sequestration depends on the growth characteristics of the tree species, 
the conditions for growth where the tree is planted, and the density of the tree's wood. It is greatest 
in the younger stages of tree growth, between 20 to 50 years. 
                Far less research has been done on tropical tree species as compared to temperate tree 
species.  The Forest Research Institute Malaysia [12]  reported on the carbon sequestration rate of  
Malaysian trees however they are limited to forestry plantation. In an urban setting, the carbon  
sequestration of trees is expected to be lesser, due to different rate of growth and canopies [13].   
 
5. Proposed Biodiversity-Carbon Sequestration Decision Making Analysis 
 
The proposed biodiversity-carbon sequestration decision making tool  is  a performance-based 
method to ensure improvement of  biodiversity on sites whilst providing optimum carbon 
sequestration benefits within construction or  project development. The assessment is made by  
comparing the biodiversity and carbon sequestration outcomes  before and after completion of a 
construction/development project.  
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The evaluation of biodiversity and carbon dioxide emissions/sequestration    are based on the  area 
of habitat created and retained ‘indicator’ as a simple numerical measure of project impact for a first 
step  towards  biodiversity - CO2 sequestration enhancement. The methodology and  steps for the 
proposed method are listed  below. 
a. The first step is to evaluate the ecological  diversity  index for a given set of land use and 
or landscape for the project.  The assessment of a site before construction/development 
may also serve as a baseline measurement for any project. The ecological score is a product 
of the area  with the ecological weights. The ecological weights are values given to  
describe the importance of  the  landscape to the ecology of the region. 
 
A list  of ecological values for the various types of ecosystems as adopted from various 
international references are given in Table 1. Prioritized  landscape/eco- systems  with  
limited value to wildlife and those for  protecting  existing ecological features from 
substantial damage. Additionally, regional importance factors are introduced to encourage  
prioritized actions for  biodiversity and conservation.  
 
The examples  presented below  illustrate the importance of regional factors in contributing 
to biodiversity of sites. As shown in Table 1,   constructing a green roof  entitles to a 
regional factor of 2, whereby the total ecological score gained is  2* the ecological weight.  
 
The construction of wetlands  provides a regional factor of 2 (Table 1) , where the total 
ecological score is  2*60  in comparison to natural wetlands with just a  score of 75.  
 
These  ecological weights assigned to the types of landscape are usually done by ecologist 
with consensus from other stakeholders in according to local priorities .  
 
At present such  studies are lacking in Malaysia therefore as an initial start to these 
initiatives , the ecological values presented in Table 1 are adopted from established  
publications [9]. 
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Table 1. Ecological Values of  Landscape Types 
 
TYPES OF LANDSCAPE 
  
    Ecological  
 
        Weight 
GARDEN & LAWNS   
Exotic Garden 5 
Native Garden 15 
Indigenous Native Garden 25 
GREEN ROOF   
Green Roof*2 30 
AGRICULTURE    
Crop Farming 5 
GRASSLAND   
Turfs 5 
Existing Natural Grassland 25 
WETLANDS & WATERBODIES   
Rehabilitation/ Constructed Wetland/ Riparian Buffer Strip*2 60 
Existing Wetland/ Riparian Habitat 75 
River/ streams/ waterfalls 75 
Mangrove 
    
75 
PLANTATION FOREST    
Native Plantation Forest 15 
Non-Native Plantation Forest 5 
NATIVE HABITAT   
Regenerated Native Habitat <5 years old*2 70 
Regenerated Native Habitat 5 - 10 years old*2 100 
Indigenous Native Habitat > 10 years old*1 75 
Indigenous Native Habitat > 20 years old*1 100 
BARE SURFACES   
Bare Ground  (undisturbed) 0 
WEEDS   
Weed Infestations 5 
                                                          
                                                 Table 1. Ecological Values of  Landscape Types 
 
Diversity index  
  
 =  (Area 1* Ecological Score 1) + (Area 2* Ecological Score 2) + ……+ (Area n* Ecological Score 
n 2)     ….. Eqn 1 
                                                                              Total Area  
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The performance score  or ecological diversity index  brought about by the prioritization  
of the various landscape types  provides  an important decision  making  method for 
biodiversity conservation and  have an significant influence  on biodiversity at large. The  
ecological weights has an impact upon the overall  diversity index therefore it is vital that 
they are prioritized  according to their level of importance in the region.  The numerical 
values set for  the ecological weights are assumed values for their environmental 
significance in the region. The diversity index provides  the  ability  to differentiate the 
outcomes of  certain actions from the decision made of the land use in a proposed project.  
 
b. The ecological change is assessed by  measuring the differences in diversity index due to 
the   habitat created  and or retained   within the total area of the site of a completed 
project.  The  calculations for the change in ecological value  provides clarity   in any  
decision making for  the outcomes of  certain actions being undertaken.  The recommended 
approach calls for  every project to target  for  enhanced biodiversity, i.e.  positive  
ecological changes,   where the diversity index  at the  project  is larger than  before.   
 
The opportunities for enhanced biodiversity can be  achieved by :  
 Enhanced existing habitat by reducing fragmentation of habitat areas. 
 Better management f existing sites 
 Planting native species 
 Adding wetland areas. 
 
c. The carbon sequestration for the soils and landscape  created or retained due to enhanced 
biodiversity  is then  calculated based on the carbon sequestration  rates of the vegetation  
concern.  Ideally, the carbon sequestration values  should  be  based on local values, where 
they differ with vegetation species and  sizes.  Malaysia is currently developing its own  
carbon inventory for common trees. Some data on  the carbon sequestration of trees  are 
available from  Forest Research Institute Malaysia (FRIM , 2000) but this is limited to 
forest plantation only. 
 
The  proposed method of carbon calculations considers the following assumption: 
 
i. The carbon sequestration  of undisturbed soils   before development is regarded as 
the carbon storage. Upon disturbance of soil carbon is released  to the atmosphere 
contributing to atmospheric  emissions.  
ii. In living vegetation  carbon dioxide is absorbed through the leaves  by  
photosynthesis.  When trees are cut  and  cleared, the  potential  for carbon 
sequestration will be diminished.  
 
            Carbon sequestration is indicated by negative carbon values, whereas positive carbon values   
            means emissions. 
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6.  Applications 
 
The proposed method of assessment  demonstrates   the effect of  land use on  impact of the overall 
biodiversity and carbon sequestration.  
                   Cases  X1, Y1, Y2 and Z  (Table 2) demonstrates the results of each actions on 
biodiversity and carbon sequestration of a site or development.   Case X1 is the standard model for 
comparison of cases under study. 
 
Model  
 
Demonstration Total development: 
1000,000m2 
 
X1 Effects of land 
use  
X1: Building & 
Infrastructures: 800,000m2       
       Garden: 200,000m2 
Diversity index: 15.0 
Y1 Effects of  
landscape form 
and conversions 
 
Y1: Building & 
Infrastructures: 800,000m2    
       Garden: 100,000m2 
       Waterbodies: 10,000m2 
Diversity index: 67.50 
Y2 Y2: Building & 
Infrastructures: 800,000m2    
       Waterbodie: 200,000m2 
Diversity index:  120.0 
X1 + 
Z1 
Effects of 
vegetation 
Z1: Rubber trees: 10,000m2 
      Oil Palms: 100,000m2 
CO2 seq: 248.60tCO2/yr 
CO2 seq:320.00tCO2/yr 
X1+ 
Z2 
Z2: Eucalyptus: 200,000m2 CO2 seq: 878tCO2/yr 
  
                              Table 2.  Diversity index and Carbon sequestration  of Case Studies. 
 
Table 2  shows the effect of  land clearance on the ecological change resulting from construction 
and development.  Smaller land use area results in  higher  change in ecological value and 
respective diversity index.  This quantitative analysis  helps one to  decide on the amount of land 
use in conserving  the biodiversity  of a construction project or development.  The carbon storage 
losses due to construction and development  also reduces with less land take. 
 
 Case Y1 and Y2 demonstrates the effect  of  landscapes types  and conversions  upon biodiversity.  
By replacing 50% of the garden with waterbodies, the biodiversity can be seen to increase  from 15 
to 67.50. If the whole garden is replaced by waterbodies , then the biodiversity increases to 120.  
Adopting  waterbodies, green roofs and other  features with high reservation factor   potentially 
increases the biodiversity of a site.  The case study demonstrates  that  choice  of  landscape types 
influences  the  degree of biodiversity and sustainability achieved by the site. An example of results 
generated by project  X1 and Y1 is shown in Table 3. 
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  Baseline X1            Y1 Reduction 
Carbon Emissions tCO2 /year  tCO2/year  tCO2/year 
  (B) (P) (B-P) 
Soil Carbon Storage -16.40 -256004.10 -16.40 
Carbon Seq. by Trees -280.80 -869.98 589.18 
TOTAL  -297.20 -256874.08 572.78 
 
Table 3. Carbon emissions for Case Studies  X1 and Y1 
The carbon sequestration  potential of sites depends  on the types of vegetation, size and age.  A 
development of 20,000m2 consisting of  half rubber and oil palms will sequester 568.60  CO2 in 
comparison to 878 CO2 when replaced by Eucalyptus.  This shows that by planting  the correct 
trees , carbon can be sequestered more efficiently in any landscape. 
                    Current assessment by Low Carbon Cities Framework (LCCF)[14] established by The 
Ministry of Energy, Green  Technology & Water , Malaysia, does not consider a full biodiversity 
analysis. The proposed method will be a  useful tool for  upgrading LCCF  to include  the impacts of 
construction and development on the sustainability of  any site.  The Green Performance 
Assessment System (Green PASS)[15] , a performance based fro building construction  and 
operations by the Malaysian Construction Industry Development Board 
                     The quantitative analysis  enables the combined effects of  biodiversity  and carbon 
sequestration  to  be  assessed numerically   by  design teams and construction teams  to guide their 
design towards  biodiversity-carbon sequestration objectives and monitor their  design performance. 
The indicators are simple to use and acceptable to both industry and environmental stakeholders, 
and appropriate to a wide range of project types and sizes.  
 
Conclusions 
 
The construction industry has a major impact on biodiversity, and so has an important role to play in 
minimising damage to ecology. However, there is a poor understanding of biodiversity issues within 
the construction industry, hence the need for a set of indicators both to enable measurement and 
benchmarking of industry performance in this important  area and to raise awareness of the issues 
within the industry. 
                The “Area of habitat created and retained’  indicator  method is a  useful and simple 
numerical measure of a project’s  impact.  The   simplicity of use and wide applicability to different 
construction project types will not only facilitate the design and construction of more ecologically 
sound projects, but also place the principles of biodiversity  firmly in the mindset of practitioners .  
              The proposed method can serve as an accepted framework for measurement of 
construction’s impact on biodiversity and the impacts of conversions from one type of land cover to 
another.  By quantifying the impacts upon  biodiversity and carbon sequestration , decision makers  
will be more  accurately  guided towards implementing positive biodiversity and climate mitigations 
measures. 
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Strategic Alternative To Building Maintenance 
 
Folorunso, Clement Oluwole 
 
Abstract 
 
 Over the years regimented methods of carrying out maintenance have 
been canvassed and used. Some have yielded results though at enormous 
cost. Branding of products with appropriate information will enhance the 
choice and usage of such products. The practice of hiding the components 
that are used in manufacturing building material products in order to 
protect company’s patent is not of advantage to specifiers, developers and 
clients. This hinders the possibility of chosen products through the 
characteristic properties of such material whereas the use of 
inappropriate materials that require frequent maintenance is against the 
principle of sustainability. This paper identify conventional methods of 
building maintenance and aimed at injecting a relatively new approach 
into the methods of carrying out maintenance to forestall the high cost of 
money being spent by government, corporate bodies and individuals 
yearly on maintenance. It also advocates a new approach of establishing 
and accessing the performance of materials before usage to reduce 
frequent maintenance of building components and consequently reduce 
the pressure on the environment from where raw materials are been 
sourced for continuous production. 
 
 
Keywords  
Materials, Maintenance, Finishes, Awareness, Cost, Client Choice, Climate 
 
 
 
Introduction 
 
 Most of the activities that are carried out at post-construction stage in building procurement 
process are under maintenance. The British Standard BS3811:1984 defines maintenance as a 
combination of many activities that is carried out to retain an item in or restore it to an acceptable 
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condition. This tally with the submission of the Department of the Environment of the United 
Kingdom in 1972 which described maintenance as work carried out in order to keep, restore or 
improve every facility/every part of a building, its services and surroundings to a current acceptable 
standard in order to sustain the utility and value of the facility. 
 Building maintenance requires that a facility is kept in good condition in order to ensure 
continuous performance of its intended functions. However, the ability of the building to perform its 
function is more important than the condition at any given time [1]. Appropriate attention to 
maintenance will reduce inefficiencies of components while the effectiveness of the property will be 
enhanced. This necessitate a proper attention to materials’ selection for construction among other 
factors because the challenge of maintenance begins at the completion of the project [2] 
 The evaluation of building performance according to Preiser [3] which was also reported 
by Wong et al [4] is an important way of getting feedback on the functionality and performance of 
building materials. This is because the reliability of the prediction of material’s service life as stated 
by Shohet and Paciuk [5] is a key factor in the effectiveness of any maintenance policy. Life cycle 
cost assessment that was carried out by Balaras et al [6] suggest that the long term cost of the 
specified material and service life projection are equally essential in maintenance planning. The cost 
of items should be determined according to Park and Hong [7] at inception and projected for in 
order to factor such into the maintenance requirements. This will provide the client and architect a 
basis for choice- either cost induces or quality/performance induced choice. 
 
 The purpose of carrying out maintenance among others include to: 
 Certify that a building and its associated services are in reliable condition 
 Certify that a building is safe and fit for use 
 Certify that the condition of the building meets all statutory requirements 
 Ensure that the value of the physical assets of the building stock is consistently maintained 
and 
 Physically ensure that the works that maintains and restores the building to its functional 
value is carried out 
 
These are aimed at retaining the value of the building. It inculcates the preservation of general 
utility for wide range of user activities and functions. The enormous resources being spent on 
building is meant to support individual needs psychologically, socially and environmentally. When 
a building performs these functions effectively, users will also achieve optimal performance, 
optimise efficiency and achieve their full potentials. 
 At the design stage, wall-to-floor ratio should be considered in high rise buildings. A thin 
plan with wide wall will cost more to maintain than a wide plan with similar wall. Long term 
financial consequences of choice of materials are a matter for serious consideration. Specification 
and durability of materials are key factors that determine the type and level of maintenance a 
building will require. This is categorically true in multi-storey buildings [8]. Too much 
consideration on initial cost at design stage however, can lead to significant increase in the long-
term cost of maintenance and replacing of faulty components and degraded materials. The main 
causative agents of aggravated deterioration in buildings as identified by Ghasson [8] and Ilozor [9] 
are inferior quality materials, poor workmanship, poor supervision and environmental problems 
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such as condensation, moisture ingress/build up and lack of thermal insulation against solar 
radiation. In a coastal environment, the saline content of the air adds to the distress of the buildings. 
 Failure of a building to respond to climate change will make such building become 
obsolete which may justify the construction of another one but the use of climate compliant 
materials at inception will aid the performance of the intended functions. When the degree of 
usefulness of a building diminishes due to materials deterioration, the degree of obsolescence 
increases. Physical and structural deterioration also reduce the capacity and the effectiveness of a 
building to meet users’ requirements. These factors of deterioration usually lead to a higher level of 
maintenance and repair with attendant cost of restoration to current acceptable standard. Though 
buildings decay overtime, yet the deterioration and decay may not always receive deserved level of 
attention neither placed on top priority by the people concerned [9]. This necessitate that all 
stakeholders involved in the procurement process do everything necessary to retard the rate of 
decay. 
The aim of this paper is to inject a new approach into the methods of carrying out building 
maintenance. This is set out to be achieved by (1) identifying the inadequacies of the conventional 
methods and (2) projecting the adequacies of the new approach. The methodology adopted in 
carrying out this research involved a holistic search through literature to establish the inadequacies 
of conventional methods of building maintenance and the comparative advantages that the new 
approach has over the old methods 
 
Types And Categories Of Maintenance 
 
 There are different types of approaches in determining the type of maintenance to carry out 
on a particular project under a given condition. These approaches are aimed at integrating decision 
making machinery to assist the clients, architects, developers, government at all levels and all 
stakeholders that are involved in assessing building degradation [10]. These categories are planned 
and unplanned maintenance; however, new researches have added awareness maintenance which 
this paper stressed [11]. 
 
Planned Maintenance 
 
It is referred to as preventive and predictive maintenance or preventive and condition based 
maintenance [10,12,13]. It is also referred to as time based maintenance and redesign. It involves 
regular repairs at scheduled intervals. The life cycle of materials is used in forecasting the time that 
maintenance will be carried out. It is the most appropriate method for elements whose performance 
and fitness can be suitably monitored. For example, Roy et al [14] conclude through their research 
that the best time to apply this to exterior wall painting is a period of 5years. 
 
Unplanned Maintenance 
 
This is referred to as reactive maintenance [10,15]. Horner et al [13] refer to it as corrective 
maintenance. It is linked with unscheduled works necessitated by unexpected defects or failures in 
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buildings. However, it could arise due to negligence of the stakeholders. It involves usually an 
emergency rescue work which may have significant effect on cost and time for other works. 
 
Awareness Maintenance 
 
Awareness maintenance is being advocated for as a better method of building maintenance. 
This involves creating enlightenment at the design stage, adopting methods that will address 
sustainability, developing materials’ context, mathematical and performance models. Talaei-Khoei 
et al [11] identified two major steps to follow while creating awareness, these are: 
 Context filtering which involves abstracting  and labelling of materials 
 Awareness utilization that addresses the moulding of attitude towards choice and 
interest in continuous learning. This may come through continuous professionals’ 
development programmes 
The above steps involve awareness creation through materials content description, 
management of design parameters and context identification by users. There are different stages in 
awareness maintenance. These include: obtainment-which is further discussed in this paper, context 
identification, analysis and utilization of the obtained information.  
 Awareness obtainment is an enlightenment process through which stakeholders in the 
building industry obtain or get information that are relevant to maintenance need of various 
materials used in building construction. Creating awareness about the performance of external 
finishes such as marble, bricks, ceramic tiles etc will guide the client, developers and architects on 
the reliability of their choice. Such guide is provided below in table 1 and 2 for ceramic tiles and 
paint. The parameters set out will guide the specifier who consequently becomes responsible for his 
decisions on the material he/she chooses between the two for exterior finish.  
 
 Table 1: Some Performance Indices for Ceramic Tiles 
INDICES REMARK 
Availability 
Construction 
 
 
Adaptability 
 
Durability 
 
Required maintenance 
 
 
 
 
Moisture resistance 
 
Mould growth 
 
 
Fire resistance 
 Available in various shapes, sizes and colour [16] 
 They can be handled by skilled labourers with the assistance of 
unskilled labourers. It takes time to fix. Protective mask is 
required to prevent inhalation of gritty dust 
 Difficult to replace when fixed to substrate. Removal means 
destruction through breaking 
 If properly fixed they will last for about 20-30years as floor 
finish and 100years as exterior wall finish [17] 
 They require only washing for 20-30years as interior floor 
finish. They are self washed by rain as exterior finish in the 
initial 50years. Water can penetrate grout if not totally blocked 
thus forming ice in cold climate which can lead to cracks and 
detachment [16,18,19] 
 They are not affected by moisture transfer when fired to 12000C 
[20] 
 Mould does not grow on the surface but at the grout/joints 
especially if silicone sealant is used [16,21] 
 They are non combustible materials 
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Table 2: Some Performance Indices for Paint 
INDICES REMARK 
Availability 
Construction 
 
Adaptability 
 
Required maintenance 
 
Moisture resistance 
 
 
Mould growth 
 
Fire resistance 
 Paint is available in varieties of colours, qualities and types 
 It is easily handled by skilled labour. Protective mask is 
required to prevent the inhalation of voltaic organic compounds 
[22] 
 Wall surfaces can be recoated without damaging any building 
component 
 Painted exterior surfaces require repainting in a maximum of 
7years [14,17,21,23] 
 Moisture transfer leads to peeling, efflorescence growth, 
chalking, discolouration, blistering and flocculation in less than 
7years [24,25,26,27,28,29] 
 This is rampant in areas with high humidity, saline air and 
coastal ragions [29,30] 
 Some paints especially oil based paints can contribute to fire 
spread in building [21] 
 
The choice of which methods of maintenance to adopt depends on several parameters. 
Some of these parameters include the durability of the material, functionality, reliability, cost 
involved, accessibility and safety condition. However, in awareness maintenance, decisions taken at 
predesign and design stages are of utmost importance. The requirements of users would have been 
factored into the design. An efficient design should include but not limited to fire control, control of 
rain penetration, structural stability, water vapour flow, damp control, proper ventilation, in-built 
work stations, acoustic control, control of light penetration, solar radiation control, selection and 
application of suitable materials and specification of appropriate method of application. The design 
must be economical, sustainable and aesthetically pleasing without jeopardizing quality. Table 3 
provides another method of creating awareness. The stipulation of the years of expiration of 
materials used for spout in roof drains provides options for a specifier. The table below shows that if 
aluminum is used, replacement will be required in 30years; copper will be replaced in 100years 
while galvanized steel will be replaced in 20years [17,21]. This type of information will enhance 
choice based on preference for maintenance. 
 
Table 3: Materials for spout and their life span 
No Material Life span 
1 Aluminum 30years 
2 Copper 100years 
3 Galvanized Steel 20years 
  
Awareness maintenance enables all parties involved in the construction process to take pro-active 
decision which will among other things reduce energy consumption of maintenance works as 
identified in the work of Iyer-Raniga and Wong [31] which has impact on the entire global systems. 
This pro-active decision is outside the scope of planned maintenance. The focus is to avoid 
maintenance or carry out zero maintenance as much as possible [13]. It saves cost and maximizes 
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the possibilities of professional decision by the client’s representatives because selection of 
appropriate materials most times is a controversial issue [32]. 
 Several options are available to manufacturers in disseminating information that are 
relevant to awareness maintenance methods [33]. Omoronyia et al [34] identified the use of 
information technology as one of the major way in increasing the knowledge base of the 
construction industry in getting acquainted with latest development on the choice, use and 
consequences of the used materials. Some of the methods of spreading awareness as identified by 
Omoronyia et al [34] in the works of Gutwin and Greeberg [35] and Acquisti and Gross [36] are: 
group awareness, workplace awareness, common-sense awareness, context awareness and social 
awareness. 
 In the opinion of Riemer and Haines [37] awareness maintenance enables an individual to 
become familiar with a context- indepth understanding of a phenomenon and further shapes the 
individual’s attitude towards the context in order to reduce any contextual uncertainty. This shapes 
decision in a more precise way such that the professional architect is well and adequately informed 
before taking far reaching decisions on specifications bearing in mind the consequences of the 
decision in the light of established information. 
 Adoption of awareness method is required at the inception of any project at the planning, 
design and post construction stages in order to achieve greater success. This should include all 
stakeholders in the construction process. It requires matching the available and disseminated 
information with what is required to be known for the exact purpose or the project at hand. The 
relevance of the information to existing situation requires identification by the people accessing the 
situation. 
To be able to rely on the awareness being created especially by building materials 
manufacturers and researchers, there must be mutual understanding, near absolute trust on the 
source of the information, confidentiality and sense of identity. These will enable control and 
authorization. The trust reposed on the source of information will determine the degree and level of 
reliability of the recipient while the confidence built on the source will help cement a better 
relationship and interaction among the stakeholders [11]. 
Table 4 below shows the comparative advantages that the new approach has over the old 
conventional methods. These advantages infer that the availability of information is germane to 
building materials reliability. The available information will guide all parties involved in the 
procurement to take far reaching decisions. 
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Table 4: Comparative advantages of the new approach 
Inadequacies of old methods Comparative advantage of new approach 
 Conventional methods involve cost at 
close between which is always on 
upward spiral [38] 
 They invade into time schedule for 
other things especially reactive 
approach [39] 
 
 Repair is carried out only after the 
failure of parts of buildings [40] 
 Regular assessment of components 
with financial implications is required 
[41] 
 
 Emergencies and reactional activities 
are involved [10,15] 
 
 Decisions in old methods are taken at 
post construction stage [12] 
 
 Conventional methods are not easily 
realizable in practical application and 
implementation in historic buildings 
[15]  
 Cost to be incurred will be at far 
between, otherwise will be as chosen 
by the  architect or owner 
 Time for repair is known from 
inception of the project due to available 
information 
 
 Repair can be done on the date of 
expiration of product 
 Assessment of components are only 
necessary on check dates as stated in 
the performance indicator 
 
 Emergencies and reactional activities 
are avoided due to established climatic 
responses of materials 
 Decisions in the new approach is taken 
before the commencement of building 
activities 
 Chosen a long lasting material will 
elongate the life of historic buildings 
 
 
Conclusion And Limitations 
 
 The old systems of carrying out maintenance through planned and unplanned methods as 
identified by Flore-Colen and de-Brito  [10]; Carlos et al [12]; Horner et al [13]; Forster and Kayan 
[15] do not prevent expenses during post occupancy period, they only spell out when the cost will 
likely be incurred. The adoption and integration of awareness method of maintenance will prevent 
the cost of maintenance to a large extent through appropriate selection of building materials at pre-
design and design stages. 
Part of the requirements of International Standard Organization (ISO) for certification of 
building materials products should among other criteria include (1) performance indicators and not 
just guarantee. This will guide the users in chosen such material or otherwise (2) climatic responses 
of materials that are meant for exterior finishes should be clearly spelt out (3) though each 
manufacturer has the right to protect its patents yet the envisaged failure and possible time of 
occurrence should be included in products catalogues (4) various performance claims by products 
manufacturers should be verified scientifically for public safety. 
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However, the laws of patent/ copy right which allow for some level of secrecy puts a limit 
on the level of information that can be demanded for inclusion in products’ catalogues. 
Manufacturers are found most often to hide at least one constituent component that forms a product. 
This constitutes a huge barrier in the campaign to determine the characteristic properties of various 
products. 
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Building Modelling and Simulation for Green 
Building Design 
 
Yaik-Wah Lim 
 
Abstract 
 
There are increasing numbers of building modelling and simulation tools 
available for green building design and analysis.  Proper selection of the 
tools determines the effectiveness and reliability of the simulation.  This 
article reviews some state-of-the-art simulation tools in relation to project 
stages and performance outputs.  Then, an on-going University-Industry 
collaborative research on developing a Green Mosque in Johor Bahru, 
Malaysia using building modelling and simulation is discussed.  The 
original building design as proposed by the architect was modelled for 
building performance simulation.  Shadow casting and surface solar 
insolation were simulated using Autodesk Ecotect Analysis to determine 
the area exposed critically to direct sunlight radiation.  Then, daylighting 
simulation was performed in IES Radiance.  The same building model 
was also employed for CFD simulation by IES Macroflo and IES Microflo.  
The natural ventilation air flow in the Main Prayer Hall was investigated.  
Several independent design variables were identified and tested to 
improve the building performances.  Eventually, review of the building 
design was made to achieve green design.  The findings indicated that 
prior to the simulation experiment; some of the initial green design 
concept was actually not performing as expected.  Therefore, building 
modelling and simulation during the early or pre-design stage is very 
crucial to prove and improve the building performances in order to 
develop evidence-based building design. 
 
 
1.0 Introduction 
 
            Since 1970’s, increasing numbers of building modelling and simulation tools are made 
available.  The cost of the hardware has been decreasing while the speed and storage have been 
increasing [1,2,3].  Simulation tools are essential to analyse and improve building performances.  
With the development of Building Information Modelling (BIM), more complicated building 
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modelling can be constructed and exported for performance simulation analysis.  Nowadays, some 
detailed simulation programs integrate daylight, thermal, energy and computational fluid dynamic 
(CFD) simulations.  Besides, simulation tools are also utilised to assist in building system control 
[4,5]. 
Goulding and Lewis [6] suggests that the “best opportunities for improving a building’s 
energy performance occur early in the design process”.  Balcomb [7] also asserted that the most 
critical phase to reach optimum energy performance is in pre-design.  However, review has found 
that in the current practice, architects prefer to analyse the building performances in the later stages, 
usually by consulting an engineer [8].  Although there are varieties of integrated building simulation 
tools available today, detailed input data is required in order to run even the simplest simulation.  
Therefore, these tools are commonly used to evaluate the overall energy performance of existing 
buildings or in the design development stage, rather than being used in the early design stage.  
According to Pedrini and Hyde [8], there are many reasons for this situation including the 
misunderstanding of building performance and the absence of methods suitable for architects. 
 
1.1 Simulation Tool 
 
It is essential for architects to have exposure towards the available computer simulation tools today.  
Appropriate selection of the tools is important to optimise the process and output performance.  In 
general, the selection of the tools is depended on several criteria as shown in Figure 1. 
 
 
Figure 1 : Criteria for selection of tools [9] 
Previous research by Reinhart and Fitz [10] had conducted survey on simulation experts 
and their specific use of daylighting simulation tools.  The results concluded that the simulation 
usage was significantly higher during design development stage in comparison to the schematic 
design stage.  Furthermore, over 50 % of software selections were for tools that use the Radiance 
simulation engine. Radiance is an advance lighting analysis and visualisation tool, initially 
developed as a research tool for Unix environment [11].  Many of the Radiance-based daylighting 
simulation tools were validated empirically.  Reinhart and Walkenhorst [12] had validated 
DAYSIM, a dynamic Radiance-based daylighting simulation method which uses the concept of 
daylight coefficient and the Perez sky model, for a test office with external blinds.  Most of the 
current available daylighting simulation tools use CIE sky models, which are locale-specific.  
Hence, the accuracy of the simulation tools for tropical daylighting is arguable [13,14]. 
There are also other simulation tools using different methods.  Hviid et al. [15] developed a 
simplified tool which employs the radiosity method for internal daylight reflections, which gives a 
Selection of 
Tools 
Available  
input data 
Project stage/task to 
perform 
Expertise/ 
profession 
Required simulation 
output 
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reasonable balance between accuracy and time of calculation.  DOE 2-1, EnergyPlus and 3DS 
MAX® DESIGN 2009 were validated against measured results in temperate climate and showed 
acceptable accuracies [16,17].  According to Ibarra and Reinhart [18], Autodesk Ecotect Analysis 
was compared with Radiance simulation results and concluded that Autodesk Ecotect Analysis 
which uses split flux method is not a reliable tool for daylighting simulation.  VELUX Daylight 
Visualizer 2 was validated against CIE 171:2006 test cases and recorded that the maximum error 
with respect to the reference is below 5.54 % and the average error is below 1.63 % [19].  
 
Eight (8) simulation tools are selected for further detail comparison.  These tools are 
selected due to the different advantages and disadvantages of the tools.  They are commonly used by 
architects and engineers for building performance simulation.  DOE–2.2 uses a room weighting 
factor approach for load calculation.  High level of expertise is required to master the tool [20].  
Autodesk Ecotect Analysis is more suitable for architect or designer to simulate the building 
performance in early design stage.  It is also possible to have Autodesk Ecotect Analysis self-
generated optimum shading design.  However, this tool does not integrate HVAC systems for 
energy calculations.  Hence, it requires another program for energy calculations.  Besides, the 
accuracy of this tool for daylighting analysis is questionable.   
 
Table 1 : Project steps and recommended simulation tools [8,9] 
Step 
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Sketch Base case 
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 ●  ● ● ●  ● 
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e-QUEST-3 is a free download software based on DOE 2.2 calculation engine.  Only 
horizontal and vertical fins can be modelled in this tool [21].  Energy Plus integrates the capabilities 
of BLAST and DOE-2.  But it is more suitable for final evaluation simulation which requires high 
expertise.  For Integrated Environment Solution <Virtual Environment> (IES <VE>) and Design 
Builder, more complete simulation can be performed, including CFD and energy consumption.  The 
new development of IES VE-Ware and IES VE-toolkits provide connectivity to BIM software such 
as Autodesk Revit Architecture and Revit MEP.  However, training is needed to master the IES 
<VE> due to the complicated data input and interfaces.  Whereas, Design Builder employs Energy 
Plus simulation engine for the thermal and energy simulations. 
 
Table 1 shows the criteria for the project stages in pre-design, sketch, detail and final 
evaluation, together with the recommended simulation tools.  Not all kinds of design or 
performance variables are available in the simulation tools.  Each of them has their limitations.  
Hence, it is essential to select suitable tools that are able to provide the required design variables 
(independent) and performance variable (dependent).  Sometimes combination of different tools is 
required in order to perform a better simulation results [5,9].  Table 2 shows the summary of the 
design and performance variables for the selected simulation tools. 
 
Computer simulation is the most time and cost saving method that allows testing on variety 
of design configurations.  It allows study of building performance from the design development 
stage until post occupancy evaluation.   It does not require cost for physical model or test building 
construction.  Apart from that, it is user-friendly especially to architects because it does not require 
advanced mathematical calculations.  Nevertheless, proper selection of simulation tools determines 
the effectiveness and reliability of the performance simulation. 
 
Table 2 : Summary of design and performance variables of simulation tools [22] 
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DOE-2.2 W  ● ●    ● ● ● ● ● ●  ● ● ●  ●   ●  ● ● ● 
Ecotect 
Analysis 
W ● ● ● ● ● ● ● ● ● ● ● ●  ● ● ●  ●  ●  ● ●   
Energy Plus W P ● ●   ● ●    ●   ● ● ● ● ●   ●  ● ● ● 
e-QUEST-3 W ● ● ●   ● ● ● ● ● ● ●  ● ● ●  ●   ●  ● ● ● 
IES <VE> W ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●  ● ●  
Design 
Builder 
W ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●  ● ●  ● ●  
Radiance L ● ● ● ● ● ● ● ● ● ● ● ● ●     ● ● ●     ● 
VELUX DV L ● ● ● ● ●  ● ● ● ● ● ● ●     ● ● ●     ● 
W = Weather file; L=Location; P = Plug-in available 
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2.0 Building Simulation Of Green Mosque, Johor Bahru 
 
The Green Mosque research project is a University-Industry collaboration between Universiti 
Teknologi Malaysia (UTM) and the developer Mudra Tropika Sdn Bhd (MTSB).  The building is 
designed by Rashdan Maahfar Architect (RMA) while the owners are Majlis Agama Islam Negeri 
Johor (Johor State Islamic Religious Council) and Perbadanan Setiausaha Kerajaan Johor (Johor 
Government Secretariat).  It is located at Jalan Kolam Ayer, Johor Bahru, Malaysia (latitude 1.45° N 
and longitude 103.76° E), with site area of approximately 5018.42 m2 (1.24 acre).  This on-going 
project consists of several main spaces: 1. Main Prayer Hall, 2. Open Prayer Hall, 3. Sub-basement 
Car Park, 4. Landscape Deck, and 5. Offices.  The form and spaces of the mosque is as shown in 
Figure 2.  This building has 2 floors (ground floor and mezzanine floor) and a sub-basement, with 
total built-up area of 2239.02 m2. 
In the initial stage, the original building design as proposed by the architect was modelled 
in computer simulation software for building performance simulation.  Shadow casting and surface 
solar insolation were simulated using Autodesk Ecotect Analysis to determine the area exposed 
critically to direct sunlight radiation.  This simulation tool was selected because it can perform solar 
insolation simulation on the building surfaces which most of the other simulation tools are not able 
to produce.  Apart from that, the solar insolation simulation results can be visualised clearly with its 
graphical image illustrations. 
Daylighting simulation was performed in IES Radiance to study the daylighting levels in 
Main Prayer Hall, Open Prayer Hall and Sub-basement Car Park.  IES Radiance employs the 
Radiance simulation engine, which is developed by Greg Ward at Lawrence Berkeley National 
Laboratories.  It is widely recognised and validated by the lighting professionals.  It can handle 
virtually any space geometry, as well as non-diffuse reflectance [10,11].  Previous research has 
proved the reliability of this software in simulating daylighting performances for different design 
variables and sky conditions [12,22,23,24,25,26].  Furthermore, the same building model was used 
for CFD simulation using IES Macroflo and IES Microflo.  The natural ventilation air flow in the 
building especially the Main Prayer Hall was investigated.  Several independent design variables 
were identified and tested to improve the building performances.  From the simulation results, 
review of the building design was made by the team and finalised by the architect in order to 
achieve green building design. 
 
 
Figure 2 : Green Mosque 3D Modelling in IES <VE> computer simulation software. 
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3.0 Simulation Result 
 
3.1 Shadow Casting 
 
Shadow casting was simulated using Autodesk Ecotect Analysis to understand the building shading 
during various times.  Sun path at latitude 1.40° N and longitude 104.00° E (closest to Johor Bahru) 
was employed for the simulation.  The sun is closest from the equator during equinoxes (21st March 
and 23rd September) and farthest away from the equator during solstices (22nd June and 22nd 
December).  Hence, these dates were chosen for the experiment in order to represent the different 
locations of the sun throughout the year. 
As the design team proposed to install photovoltaic (PV) panels on the open prayer hall 
roof slab, shadow casting simulation was essential to determine the appropriate locations of PV 
panels.  The shadow ranges were casted during the duration of 10am to 4pm, which was the 
optimum period to receive solar radiation for PV in tropical climate.  Figure 3 shows the shadow 
casting simulation results.  The results showed that there were 2 areas shaded during 21 March, 22 
June and 23 September whereas only 1 area was shaded during 22 December.  Therefore, these 2 
areas were not recommended for PV installation. 
 
 
Figure 3 : Shadow casting analysis from 10am to 4pm on 21 Mar, 22 June, 23 Sep and 22 Dec to determine 
photovoltaic panel location. 
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3.2 Solar Insolation 
 
In order to study which façade of the building was most critically exposed to solar radiation and 
heat gain, solar insolation was simulated using Autodesk Ecotect Analysis.  This was important to 
identify which façade that requires more shading.  The yearly weather data of location at latitude 
1.4° N and longitude 104.0° E was employed to simulate the average daily direct and diffuse solar 
radiation (as shown in Figure 4). 
 
 
Figure 4 : Average daily solar radiation: (a) Direct (Range 0 – 800+ Wh/m²); (b) Diffuse (Range 0 – 4000+ 
Wh/m²); (c) Direct and Diffuse (Range 0 – 5000+ Wh/m²). 
 The result indicated that the intensity of diffuse solar radiation was higher than direct solar 
radiation.  The highest intensity of diffuse solar radiation was more than 4000 Wh/m2 while the 
highest of direct solar radiation was only about 800 Wh/m2.  The simulation result shows that the 
roof surfaces received higher solar intensity in comparison with the vertical façade.  For instance, 
the flat roof slab at Open Prayer Hall yielded about 4000 Wh/m2 daily direct and diffuse radiation; 
thus was potential for PV installation to harness the solar energy.  On the other hand, many vertical 
façades were shaded from direct solar radiation.  The openings at the Main Prayer Hall received 
lower than 80 Wh/m2 of average daily direct solar radiation. 
 
3.3 Daylighting 
 
One of the passive design strategies for the Green Mosque was by utilising daylight while avoiding 
direct sunlight which will cause glare and thermal problems.  Thereby, daylighting simulations were 
conducted for various spaces (Main Prayer Hall, Open Prayer Hall and Sub-basement Car Park) 
using IES Radiance.  Illuminance level was simulated on horizontal plane at 300 mm height from 
the floor.  Overcast sky with 10klx external illuminance was employed to represent the worst case 
scenario when the sky was covered with clouds and gloomy.  The simulated illuminance level can 
be converted to daylight factor (DF) using the Equation 1.  The targeted DF level for the prayer halls 
was 1.0 to 3.0%. 
 
DF = Internal Illuminance, Ei / External Illuminance, Ee x 100 %  (1) 
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Figure 5 : Daylighting illuminance simulation results for Main Prayer Hall under 10klx overcast sky: (a) Initial 
design without glazing at upper level; (b) With mezzanine floor and glazing; (c) With 3700 mm height 
decorative screen; (d) With 2800 mm height decorative screen height. 
Main Prayer Hall is a double volume space.  Figure 5 illustrates the daylighting simulation 
results for various design of the Main Prayer Hall.  Figure 5a shows that in the initial design, 
illuminance level was higher than 1000 lx (or DF 10.0%) in the area near to the openings.  This was 
because there was without any glazing or shading screen at the upper level of the hall.  According to 
MS 1525, DF higher than 6.0% will cause glare and thermal problem [27].  Hence, majority of the 
spaces in the initial design will have glare and thermal problem as the illuminance level was too 
high.  Therefore, the initial design was reviewed by adding a mezzanine floor for female prayer and 
clear glass glazing at the upper floor.  Then the DF at the area near to the openings was reduced to 
about 5.0% (Figure 5b).  However, the centre part of the Main Prayer Hall still received high 
daylight level (DF > 3.0%) due to the double volume openings. 
 
 
Figure 6 : Luminance on vertical plane and glare analysis for Main Prayer Hall with 2800 mm height 
decorative screen. 
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The architect proposed further enhancement of the daylighting design by adding decorative 
screens with 3700 mm height at the mezzanine floor side openings to reduce the excessively high 
daylight level and glare problem.  However, the simulation results showed that the DF at the centre 
part of the prayer hall was reduced to below 0.5% (Figure 5c).  Subsequently, the height of the 
decorative screen was reduced to 2800 mm in order to allow more daylight penetration and 
reflection on the ceiling.  As showed in Figure 5d, most of the spaces were able to yield DF of 1.0 – 
3.0% which was within the recommended range.  Therefore, this final design was recommended for 
daylight utilisation while avoiding glare and thermal problem.  Furthermore, the luminance on 
vertical plane was simulated for the final design to analyse the glare sources as shown in Figure 6. 
 Daylighting simulation was also carried out for the Open Prayer Hall.  Figure 7 shows the 
illuminance levels on horizontal plane for the initial design and the reviewed design with side-
lighting openings at the concrete roof slab.  The side-lighting opening was an integration of 
daylighting and PV system.  The purpose of the side-lighting opening was to allow reflected 
daylight penetrating into the Open Prayer Hall while providing spaces for PV panels installations. 
   
 
Figure 7 : Daylighting illuminance simulation results for Open Prayer Hall under 10klx overcast sky: (a) Initial 
design; (b) With side-lighting at roof slab 
 
The daylighting simulation results of the initial design (Figure 7a) showed that there was 
insufficient daylight in the Open Prayer Hall due to the deep planning.  At the middle part of the hall, 
the DF was even below 0.1%.  Thus, modification of the roof slab with side-lighting openings was 
introduced to increase the daylight availability.  From the simulation result as shown in Figure 7b, 
the reviewed design demonstrated significant improvement.  The DF at the middle part was 
increased to 0.5 – 1.5 %.  Hence, this roof design was recommended for both daylighting and PV 
installation. 
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3.4 Computational Fluid Dynamic (CFD) 
 
As air-conditioning system consumes high energy for building cooling, the Green Mosque utilises 
natural ventilation as a mean of passive energy saving strategy.  One of the most critical spaces for 
natural ventilation was the Main Prayer Hall as this hall had huge glazed volume.  The air flow 
velocity will influence the users’ thermal comfort.  Thereby, CFD simulations were carried out using 
IES MicroFlo to improve the air flow velocity in Main Prayer Hall (Figure 8).  Prior to the CFD 
simulation, the boundary conditions were simulated using IES Apache and IES Macroflo to 
determine the outdoor and indoor air temperature, surface temperatures, glazing temperatures and 
air flow volume.  Then, these boundary conditions were imported to IES MicroFlo for CFD 
simulation. 
 
 
Figure 8 : CFD wind velocity simulation for Main Prayer Hall: (a) Initial design; (b) With exhaust fans of total 
160000 CFM airflow at centre; (c) With exhaust fans of total 50000 CFM airflow at each of the 4 corners.  
 Figure 8a shows that without any mechanical ventilation, the air velocity in the Main 
Prayer Hall ranged from 0.0 to 0.5 m/s only.  This was too low to achieve thermal comfort.  
Therefore, exhaust fans were proposed to extract the hot air out from the hall while increasing the 
air velocity.  A few exhaust fans were installed at the centre of the ceiling to create 160,000 CFM air 
flow as shown in Figure 8b.  The CFD simulation result indicated that the air velocity at the centre 
of the hall was increased to 0.8 m/s.  The maximum air velocity of more than 3.0 m/s was achieved 
at the area near to the exhaust fans.  However, the increased air flow was concentrated at the centre 
of the hall due to the exhaust fans were installed at the centre of the ceiling. 
 
 Another design option was suggested by installing the exhaust fans with total of 50,000 
CFM at the four corners of the ceiling as shown in Figure 8c.  Thus, the total generated air flow was 
200,000 CFM.  The CFD simulation result demonstrated that this design was successful to distribute 
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the increase air velocity within the Main Prayer Hall.  Thus, the users can feel the air movement 
when they are performing their prayer.  This design was recommended in order to improve the users’ 
thermal comfort. 
 
4.0 Discussion 
 
As previous research [6,7] suggested green building design shall begin at the early design stage 
(pre-design / sketch), this project employed various kinds of computer simulations to study and 
improve the building performances of the Green Mosque during design development (detail) stage.  
The overall building form and orientation had been determined by the architect before the 
simulation experiment.  Thus, it limited the exploration of passive design strategies such as using 
self-shaded form, north-south orientation, small volume spaces, etc.   
 
In the Green Mosque project, the architect actually already considered green design 
concept in the initial design stage.  For example, most of the façades with openings were actually 
shaded with roof overhang.  Meanwhile, the façades that were facing direct sunlight were without 
any openings, with storage and staircases as buffer zones.  However, not all the spaces were given 
sufficient considerations for green design.  The Main Prayer Hall had a large square volume space 
which was not recommended for tropical climate [28,29].  Besides, the deep planning for Open 
Prayer Hall and Sub-basement car park was not appropriate for daylight utilisation. 
 
Some of the considerations or ideas for green design as proposed by the architect were 
proved not appropriate in the simulation experiment.  For instance, the architect used openings 
without glazing at the Main Prayer Hall to allow daylight penetration and natural cross ventilation.  
On the contrary, the simulation results demonstrated that the excessive use of openings without 
glazing caused DF above 10.0% which will result glare and thermal problem [27].  Subsequently, 
glazing and decorative screens were proposed to reduce the glare and thermal discomfort. 
 
 
Figure 9 : Opening area to space volume ratio for various building forms: (a) Square; (b) Linear; (c) With 
centre courtyard; (d) Clustered. 
  
Due to the proposed building form and massing, some of the passive strategies could not be applied 
effectively.  The use of natural ventilation in Main Prayer Hall was very constrained due to the large 
volume space.  As shown in Figure 9, large square volume space has low opening area to space 
volume ratio in comparison with linear or clustered space planning.  Apart from that, the outdoor 
wind velocity in this tropical region was also very low.  According to Hui [30], the range of indoor 
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air velocity in low rise buildings is between 0.04 m/s and 0.47 m/s.  Hence, the simulation showed 
that the indoor wind velocity in the initial Main Prayer Hall design was below 0.5 m/s.  As a result, 
the prayer hall had to rely on mechanical exhaust fans to increase the wind flow velocity to 0.8 m/s 
(60% increment) at the centre part of the hall. 
 
5.0 Conclusion 
 
Building modelling and simulation is a cost and time saving methodology for building performance 
analysis.  The Green Mosque project demonstrated the process of building modelling and simulation 
to study and improve the building performances during the design development stage.  Although the 
settings of the simulations are not discussed in detail, this project showed that appropriate selection 
and application of simulation tools are essential to obtain the required outputs.  Autodesk Ecotect 
Analysis was employed to simulate the shadow casting and solar insolation.  IES <VE> was 
selected to simulate the daylighting performance and CFD for ventilation and thermal performances.   
The findings indicated that without simulation experiment, some of the initial green design 
concept was actually not performing as expected.  Therefore, building modelling and simulation is 
very important to prove and improve the building performances.  This methodology is useful to 
develop evidence-based design.  Apart from that, building modelling and simulation study shall 
begin during the early or pre-design stage rather than the design development or detailing stage 
when the possible design modification is very limited. 
 This research only focuses on building simulation using 2 different simulation tools.  
Further research is needed to compare the simulation results by using more variety of simulation 
tools.  Besides, more design variables and performance variables can be further investigated.  
Validation of the simulation results with post-occupancy evaluation and physical measurement is 
needed to prove the reliability of the simulation. 
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Comparison Of Integrated Environmental Solutions 
<Virtual Environment> And Autodesk Ecotect 
Simulation Software Accuracy With Field 
Measurement For Temperature   
 
Leng Pau Chung, Dilshan Remaz Ossen 
 
Abstract 
 
Ventilation is one of the important criteria to achieve thermal comfort in 
building. In order to reduce energy consumption, effectiveness of natural 
ventilation performance in building should become major consideration in 
design. In Malaysia, 70% of the electricity consumed is for cooling load. An 
effective passive design strategy for building is necessary especially in hot 
and humid climate in Malaysia. Cross ventilation strategy is considered as 
the ideal in order to enhance the thermal performance. However, due to 
limitation of layout efficiency, cost effectiveness, security, and fire 
requirement, most of the building designed has single-sided ventilation 
solution. This paper discussed the study of thermal performance of the 
single-sided ventilation room by comparing two simulation software results 
and field experiment result. The effectiveness of the thermal performance of 
single-sided ventilated room is been validated in order to mark out the 
maximum range of temperature and relative humidity in a single-sided 
ventilation room. A case study of a typical office room was carried out in 
UTM campus in Johor Bahru with field measurement conducted for 15 days 
in naturally ventilated office space. The study shows that the single-sided 
ventilation room was thermally comfortable for about 35.9% out of 335 
hours in 15 days based on ASHRAE experiment in Singapore 1952. The 
comfort condition occurs between 21:00 and 07:00, which falls in the range 
of 24.5ºC to 27ºC.  The average air movement at night was 0.4m/s and the 
average relative humidity was 80%. The critical time for the indoor 
temperature was  around noon hours. However, the low percentage of 
thermal performance out of 15 days has directly indicated the disadvantages 
of single-sided ventilation especially between 10:00 to 16:00 hours. In order 
to validate the software application for future research in order to save time, 
operation cost and consideration of flexibility of experimentation work, 
Autodesk ECOTECT® and Integrated Environment Solution <Virtual 
Environment> (IES<VE>) has been selected. The mentioned software are 
discussed and the simulated results were compared. The findings show that 
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IES<VE> has higher accuracy compared to Autodesk Ecotect in term of 
percentage differences. The comparison of software for the temperature 
simulation is discussed in this paper.   
 
 
1.1 Introduction 
 
  Ventilation is the mandatory criteria to be fulfilled in building design. However, natural 
ventilation should be the basic design consideration for architects and designers in design process. 
According to Malaysia Building By-Laws 1984, the room designed for residential, business or other 
function except hospitals and schools should provide one or more openings which allow natural 
ventilation and lighting with at least 10% of total floor area and operable windows that allow 
passage of fresh air into the designed space of not less than 5% of total floor area.[1]  The 
importance of opening design stated in the Malaysia Building By-Laws 1984 is to ensure the 
condition of designed room could function well and provide a healthy indoor environment for 
occupants. Fresh air from external is required to replace the internal air of building in order to 
ensure the good air quality and proper thermal comfort for occupants. Under this context, the good 
natural ventilation system should have good openings design.  
 
 The inherited local wisdom of creating big opening on the horizontal facade have 
successfully induced the natural ventilation in tropical climate. Other than the size of the opening, 
the position and strategy to locate the opening would be a criteria that enhance the natural 
ventilation to reduce the internal heat. However, due to the limitation of cost, effectiveness of 
spatial usage, the restriction of by-law, location of the building, layout setting, material constraint 
and fire requirement, the cross ventilation design has changed to single-sided ventilation design. 
Under this circumstance, the effectiveness of the air change is important. Since the cross ventilation 
is more effective compared to single-sided ventilation system, single-sided ventilation's criteria is 
defined and studied. According to Banglee [2], the lack of ventilation may cause exorbitant 
pollution, suffocation, humidity and discomfort of smokes, odour and overheats. Lack of ventilation 
could cause sick building syndrome. The two main factors which regulate thermal comfort are 
temperature and humidity. Other than that, the disproportion of percentage of temperature and 
humidity would affect the air quality, work performance and energy consumption rate [3] . Effective 
ventilation system is necessary in order to get rid of sick building syndrome. According to statistic 
report by May [4], sick building syndrome could range from merely uncomfortable to permanently 
disabling of occupants.  
 
 Single sided ventilation is one of the major solution for most of the spaces in clustered 
building especially terrace house in Malaysia. Single sided ventilation is widely applied in Malaysia 
due to few factors: construction cost consideration, site context and orientation constraint, 
architectural layout design, optimization of space efficiency, by-law and fire regulations limitation, 
construction method and material's constraint as well as design consideration for building services 
layout setup. In fact, single sided ventilation approach is not practical for room ventilation without 
the assistance from mechanical system since the inflow and outflow take place via different plane 
on the same opening which does not fully ventilate the whole space. According to Nugroho[5], there 
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are four types of architectural design factor that contribute to the performance of single sided 
ventilation, there are opening position, room depth, opening size ratio, and special feature. Hence, 
the architectural design factor plays important role in enhancing the performance of single sided 
ventilation in order to optimize the natural ventilation in cellular office or room.  
 In order to verify the thermal performance of the single-sided ventilation space, field 
measurement was carried out. One of the problems of single sided ventilation space is the trapped 
heat, due to the ineffective and unthorough air change. Thus, the indoor air temperature was taken 
as the measured parameter and the thermal performance of the single sided ventilation room is 
discussed based on the temperature.  
 
 The invention and development of simulation software enhances the performance of the 
building industry. Computer simulation assists designers and architects to improve the design 
solution before the construction starts. This could save up millions of dollars for most construction 
companies in the world. Nowadays computer simulation software could enhance the work in the 
field of engineering, construction, facilities management and architectural design management. 
Simulation software enables designers and clients to foresee the problems in the final product and 
review the entire process of the construction outcome. In this field test, simulation software helped 
to solve the cost dilemma and time consuming matter since the software could simulate the subjects 
within short time frame with minimum cost compared to building full-scaled or half-scaled model to 
test on. Two simulations software- Autodesk® Ecotect® and Integrated Environment Solution 
<Virtual Environment> (IES<VE>®)   were chosen and the field measurement was carried out in 
order to validate the result generated by the chosen software mentioned. The results of field 
measurements and two simulations software were compared. Analyses of the results generated by 
two simulations software were compared with the field measurement results. The percentage 
differences of the results generated by the chosen software and field measurement result were 
calculated in order to investigate the accuracy in comparison with the field measurement result.  
 
Autodesk ECOTECT: According to Autodesk [6], Autodesk® Ecotect® Sustainable 
design analysis software is a comprehensive concept-to-detail sustainable building design platform. 
Autodesk Ecotect provides options and alternatives of simulation and building energy analysis 
functionality which enhance the performance of buildings. The features offered by Autodesk 
Ecotect includes whole-building energy analysis, thermal performance, water usage and cost 
evaluation, solar radiation, daylighting, shadows and reflections analysis. Autodesk Ecotect  enable 
the Autodesk Revit user to export their model to Autodesk® Ecotect® in gbXML format and carry 
out the analysis or user could choose modelling on scratch in the software. However, the 
measurement of temperature in Autodesk Ecotect does not specified exact surface temperature of 
the indoor environment. However, as the initial analysis tool, environment temperature of the test 
room, which is the only parameters that can be acquired from the software, was applied. In the 
calculation wizard of Autodesk Ecotect thermal analysis, the measured temperatures shows external 
and internal temperatures for thermal zone, which is from a component of mean radiant temperature 
and air temperature? However, for the preliminary pilot test, the simulated temperature results 
shown in Ecotect were consider as one of the guideline for the early design purpose. Ecotect is 
useful for designer and architects to find out the basic design solution in general. The findings 
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enable designers to enhance their design of building in term of orientations, aperture sizes, shading 
form, building layout, roof form, total glazing area, and so forth.   
 
IES<VE>: Integrated Environment Solution <Virtual Environment> (IES<VE>) is designed to be 
the simulation tools that assist researchers and professionals in building design process from the 
earliest conceptual validations to in-depth system and compliance modelling in an integrated design 
process. IES<VE> was founded in 1994 in Scotland in order to develop academic tools for building 
performance design and analysis to mainstream purpose as their primary aim. IES<VE> has been 
qualified as the most comprehensive, rigorous and highly integrated suite of building energy design 
tools to analyse the design from earliest to finest level. Starting from building modelling feature by 
using building modeler component which allow the on-scratch work or imported model in gbXML 
and DXF format to Module for analysis purposes like Apache and Macroflo for total building and 
room-by-room energy calculation, simulation, and heating/ventilation/air-conditioning (HVAC) 
system design, IES<VE> enable designer to analyse the model in virtual condition. Other than that, 
VE Cost and VE value enabled designer to estimate the construction cost and economical analysis 
modules.  VE CFD allows the designer to foresee the effectiveness of the architectural features in 
providing the good ventilation environment. Furthermore, IES<VE> incorporate the support for 
some world-recognized organizations in green energy and sustainability, such as: Leadership in 
Energy and Environmental Design (LEED) in United States or Energy Performance Certificates 
(EPC) in United Kingdom. [7] [8]  
  
Comparison: In this pilot test, Autodesk ECOTECT and IES<VE> was chosen due to its 
comprehensive and user-friendly features for researchers and designers. For Autodesk ECOTECT, it 
is famous among students and academics due to its friendly policy, which allow students to register 
via Autodesk Education Community for free and download Autodesk software free of charge in 
order to encourage and assist students to perform. Other than that, Autodesk ECOTECT user 
friendly interface allow designers and students obtain the analysis results in short time by importing 
the gbXML format building model to the software or quick scratch modelling. [9] In the other hand, 
according to Attia [10], IES<VE> was selected as the most favourable computer simulation 
software to evaluate energy efficiency in building industry out of 249 respondents in U.S. in 2009 
based on the four criteria stated: criteria concerning usability and graphical visualization usage 
pattern, criteria concerning information management, integration of knowledgebase, and criteria 
concerning intelligent knowledge-base and design process [11]. Hence, since Autodesk ECOTECT 
and IES<VE> have been widely recognised and accepted by most of the users including students, 
academics, researchers, and professionals, the accuracy of the simulation results generated by the 
two software mentioned is not necessary to validate.  
 
1.2 Methodology 
 
1.2.1  Field experiment 
  
 For the purpose of investigating the thermal performance of the test room, a simple field 
experiment was carried out for 2 weeks, from 6th to 20th February 2012 in order to investigate the 
 89 Sustainability in Built Environment   I 
thermal performance of single-sided ventilation room in the natural ventilated condition. The test 
room is located at level 4 of a 4 level high office block in Faculty of Built Environment, Universiti 
Teknologi Malaysia, Johor Bahru Campus with coordinate (1°33'28.95"N, 103°38'07.34"E). Block 
B11, the location of the test room is at the South West direction of the campus. The building 
surrounded by lush green trees and facing the 8000m² tar-sealed car parking square. The selected 
office room comprises of one side of operable windows, and fixed window which is facing the 
corridor side. The operable windows are facing orientation of 135° North West , which is the car 
parking square.  
 
 
 
 In general, the 4 storey block of B11 is a typical concrete post and beam structure building 
painted with bisque colour. The U shape building houses the built environment school's laboratories, 
lecturer offices, computer laboratories, exhibition space and studios. The offices and laboratories 
ceiling are covered with 24"x48" mineral fibre ceiling board at 3.75m ceiling height. The average 
floor area for a typical lecturers’ office room is 15.60 m². The windows for the office room in block 
 
Figure 4: section of case study room 
 
 
Figure 3: Location of case study room 
 
 
Figure 2: Location of Measurement instrument Hobo U-12 
 
 
Figure 1: Floor plan of the case study 
room at B11 
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B11 using half height clear glass aluminium frame top hung windows and fixed glass aluminium 
framing window while the hardwood flush door has been chosen in this case. Each of the office 
room is allocated with split unit air conditioning system and thus the function of the windows 
becomes less important for ventilation purpose. The experiment is carried out to investigate the 
performance of the poor ventilated office room by modelling approach. Thus, the software 
validation with field measurement plays important part in the research.  
 The field measurement was carried out in the test room mentioned above for 2 weeks from 
8:00am of 6th February 2012 to 8:00am of 20th February 2012 with HOBOware  E-348-U12-011. 
The measurement tool comprises of 2-channel data logger, which is designed for high accuracy air 
temperature and relative humidity monitoring purpose. The measurement range for HOBO E348-
U12-011 in temperature is -20° to 70°C (-4° to 158°F) while relative humidity sensitivity ranged 
from 5% to 95% .The data logger comprises of large memory to store the auto-logged data. The 
measurement setting and raw data from the measurement tool can be programmed via computer. For 
this experiment, the air temperature and humidity values were taken every 15 minutes by the 
measurement tool automatically. Five data loggers were placed in different location (as shown in 
figure) at 1.5m high from floor level. Out of five data loggers, three were placed in the test room 
while the other two were placed at outdoor in order to compare the thermal performance. After two 
weeks, all the data were transferred from data logger into computer in order to organize and sort out 
the values. All values in each hour were averaged to be one hour interval value in order to obtain 
more compact data.  
 
1.2.2 Modelling approach and setting for Autodesk® ECOTECT®: 
  
 Modelling in Autodesk Ecotect saves more time compared to other 3d modelling software. 
Even though Autodesk Ecotect supports variety of 3D CAD formats such as DXF, 3Ds, OBJ and so 
forth, but the time to touch up the imported model could be more than modelling directly in 
Autodesk Ecotect. Final model can be applied in Autodesk Ecotect and EnergyPlus as well as ESP-
r.  
 In order to create a thermal model in Autodesk Ecotect, there are few important aspects 
need to take notes: model in single planar object or thin-skinned prism, separate thermal zone for 
each room, position the shared wall to indicate they are adjacent to each other, defined planes 
FLOOR, WINDOW, VOID and PARTITION elements. These play important roles in a thermal 
analysis. External shading which could not contribute to thermal mass or solar radiation are set as 
non-thermal zone, and using underground or adiabatic for Boundary surfaces on thermal zones that 
overlap planar objects on non-thermal zones. [12]  
 
 The modelling for this study is simple and direct. The shared wall was set as adiabatic 
component while the glazing type and roof type were set according to the material properties. In 
order to load weather data, the weather data file (.wea) was downloaded from EnergyPlus Energy 
Simulation Software website to obtain the updated version weather data. The location of the project 
was set as Singapore since it is the nearest area to Johor Bahru. Johor Bahru area weather data is not 
available in the selected software so far. In the calculation wizard, thermal analysis was chosen as 
the analysis target and temperature was also chosen. Hourly temperatures and the simulation 
date/time range were set according to the field experiment. A graph with outdoor temperature, beam 
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solar, diffuses solar, wind speed, zone temperature and selected zone is displayed. The hourly 
temperature value was converted to Microsoft excel and analysed.  
 
1.2.3 Modelling approach and setting for IES<VE>®: 
 
 IES<VE> accept Building Information System (BIM) model from Autodesk Revit and 
other software compatible with gbXML format. In this case, since the test room is less complex thus 
the modelling part can be done directly from the software itself. The modelling task can be done in 
[ModelIT] and [CompLib] for building and component modelling respectively. In this case, only 
[ModelIT] was selected since the component for the test room is standard component. <Draw 
Extruded Shape> key initiates the modelling process. In the shape settings box, <Room> was 
selected from the scroll down bar. The drawing <plane> height set as 12.0m while the test room 
floor height measured from plinth level and the <height/depth> set as 4.0m. 
 After the modelling task was completed, the setting of the location was  done in 
[APlocate]. In this study, the location of project was set as Singapore/Changi Airport since it is 
nearest to the experiment site. However, the setting was set according to the Malaysia Standard 
(MS1525:2007) in the Design Weather Data tab and the dry bulb temperature set as 33.3°C while 
the wet bulb temperature was set as 27.2°C according to Chen[13]. For the hourly temperature 
variation, ASHRAE standard profile was selected. In order to determine the natural ventilation 
mechanism, [Macroflo] act as important criteria in order to obtain the accurate result. In [Macroflo] 
opening type's setting, the window set as exposed top-hung window with 100% openable area and 
maximum opening angle as 20°. The ratio of length over height was set as 0.5<x<1.0 and the 
modulating profile for the window was set as open continuous. 
 
1.3 Methodology 
 
 The test considers the preliminary study for the thermal performance of the test room. Due 
to the limitation of equipments and test room period usage, the test was carried out from 6th to 20th 
February 2012. However, the 10 days test enable the overall pattern of thermal performance to be 
seen through air temperature and humidity fluctuation. Furthermore, the test was carried out by 
using the data logger HOBOware E348-U12-011, which only allowed the measurement of 
parameters in air temperature and relative humidity. The logged data were downloaded and 
transferred into Microsoft Excel. Each of the data within one hour was average as one value to 
represent the condition value of the particular hour. The average results from field experiment were 
necessary to compare with the software generated results since both software generate the hourly 
result. For Autodesk ECOTECT result, the environmental temperature of particular zone was 
selected since the generated parameter is the only temperature parameter that could be obtained 
from the software. In this test, the parameter was selected in order to value and compare the 
software results with the field experiment result. Other than that, the weather data of Changi 
Airport, Singapore was used instead of Kuala Lumpur since the selected location is the nearer 
weather station from the test location within the options. There was no occupants and holiday or 
weekends schedule been set in the simulation software. All simulated days were considered equal. 
All the specifications were completed in SI units.   
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1.4 Selection Of Benchmark 
 
 The results generated by field measurements and both IES<VE> and Autodesk Ecotect 
Analysis were compared and analysed. The results generated were sort out in Microsoft Excel and 
compared to each other. The simulation results were compared with field measurement result in 
order to determine the software accuracy.  According to literature [8, 14, 15], the general validation 
task can be calculated by percentage differences as followings: 
PD = [(SM-FM)/FM]x100.... (1) 
where the FM equals to field measurement result and SM equals to simulation result . Vangimalla 
et. al. [15] has validated the accuracy of Autodesk Ecotect Analysis thermal loads and 
illuminance level of Rinker hall while Maamari et al. [14] suggested that the acceptable percentage 
difference between computer simulation results and field measurements results should be 15%-20%. 
Reinhart and Breton [16] suggested that mostly the simulation results would follow the movements 
of measurement results which lie between the error band of 10% to 15%. The review of software 
simulation stated that the acceptable error range of energy consumption and performance software 
could vary from 10% to 50%, depending on the periods of validation as well as tested 
parameters.[17] In the other hand, Carroll[18] stated that the largest percentage differences found in 
the simulation test between DOE-2, BLAST-2, and NBSLD (developed by NBS) for a single family 
residence under various climate is 12%. For wind-tunnel and full scale experiment, the discrepancy 
of percentage differences could reach 10% to 20% according to Summer[19]. The maximum 
percentage difference is important in order to set the basic benchmark for the software validation. In 
this study, formula and benchmark stated by Maamari et al.[14]  was selected due to the similarities 
of the tested parameters. Thus, the percentage differences of validation for IES<VE> and Autodesk 
Ecotect Analysis should be within 15-20% compared to field measurements results in order to 
verify the accuracy of simulation software for future research. 
 
1.5 Result Analysis 
 
 The field measurements data was compare with IES<VE> and Autodesk Ecotect Analysis 
data. In general, both simulation results show positive and viable results since the discrepancy of the 
results is within the range of 15%. In this case, the simulation results fluctuated  
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within the range of 15% to -15%, which means the percentage differences for both simulation 
software and field measurement results were acceptable according to literature review stated in 
previous section [14, 16, 19] . However, the acceptable range stated is too general and the accuracy 
by day and hour should be analysed in order to investigate the accuracy and preference of the 
software for future research.  
 
Figure 6: Percentage differences of IES<VE> and Autodesk Ecotect Analysis of test room 
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Figure 5: Air temperature comparison between field experiment, IES<VE> and Autodesk Ecotect Analysis 
of the test room 
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 Figure 5 shows the overall variation of air temperature among field measurements, 
IES<VE> and Autodesk Ecotect Analysis data of the test room measured from 6th to 20th February 
2012 at test room level 4 of block B11 while Figure 6 shows the comparison of the percentage 
differences between field measurement and IES<VE> as well as field measurement and Autodesk 
Ecotect. The highest room temperature recorded in field measurement along the experiment is on 
8th February 2012 by 6:00pm with value 31.96°C while IES<VE> recorded the highest room 
temperature on 11th February 2012 by 5:00pm with value 31.09°C. Autodesk Ecotect Analysis 
recorded the highest room temperature on 16th February 2012 by 4:00pm with value 29.6°C. The 
percentage differences of the highest value between field measurement and IES<VE>® is 2.72% 
while field measurement and Autodesk Ecotect Analysis is 7.38%. In this case, the comparison 
between field measurement and IES<VE> as well as field measurement and Autodesk Ecotect 
Analysis was made. IES<VE> result shows higher accuracy compared to Autodesk Ecotect 
Analysis with difference of 4.66%.  In the other hand, the lowest room temperature in field 
measurement recorded as 21.81°C at 7:00am of 19th February 2012 while IES<VE>® giving the 
value of 26.96°C at 8:00am by 13th February. The similar result was generate by Autodesk Ecotect 
Analysis, with the value of 25.8°C at 7:00am on same day, which was on 13th February. The 
percentage difference of the lowest value between field measurement and IES<VE> is 23.6% while 
Autodesk Ecotect Analysis shows 18.29% of discrepancy in the lowest air temperature value of 
field measurement. The difference of 5.31% between the two percentage differences shows the 
inconsistence of the field measurement value and simulation result due to the unpredictable error 
and condition of field experiment, such as weather condition. In this pilot test, the simulations 
software prediction works better in normal day compare to the rainy day generally since the rainy 
days would cause the outdoor air temperature to decrease and directly affect the indoor air 
temperature. IES<VE> gives similar result compared to Autodesk Ecotect Analysis in the prediction 
of highest room temperature and vice versa.  
 
 In order to investigate the accuracy of the software by day and hour, six days was selected 
with phenomenon: the least numbers of discrepancy hours between IES<VE> and field experiment, 
the least numbers of discrepancy hours between Autodesk Ecotect Analysis and field experiment, 
the least numbers of discrepancy hours between IES<VE> and Autodesk Ecotect Analysis, the most 
numbers of discrepancy hours between IES<VE> and field experiment, the most numbers of 
discrepancy hours between Autodesk Ecotect Analysis and field experiment as well as the most 
numbers of discrepancy hours between IES<VE> and Autodesk Ecotect Analysis. Six days was 
chosen as case study days in this paper as sequence: 11th of February, 17th of February, 16th of 
February, 19th of February, 10th of February, and 12th of February 2012. The listed experiment 
days have been selected due to their relationship between field measurement and simulation results 
by the amount of similarities of air temperature value. The more and closer the value of air 
temperature to the field measurement, the more and higher the accuracy of the results generated by 
simulation software.   
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1.5.1 Least numbers of discrepancy hours between IES<VE> ® & field experiment 
  
 According to figure 7, 11th February 2012 shows the day where the results generated by 
IES<VE>® has least numbers of discrepancies compared to field measurement result. The average 
percentage difference of the day in comparison with field measurement gives the value of 1.09%. 
The highest air temperature recorded by field measurement on 11th February 2012 is 31.85°C on 
4:00pm while the lowest air temperature shows 27.41°C on 7:00am. In the other hand, the highest 
air temperature generated by IES<VE>® shows 31.09°C on 5:00pm while the lowest air 
temperature gives the similar value to the field measurement, which is 27.61°C on 7:00am as well. 
The differences of the highest value and lowest value between field measurement results and 
IES<VE>® shows 0.76°C and 0.20°C respectively. 
   The closer the percentage differences graph stated in figure 8 to the x-axis, the 
higher the accuracy of the results generated by software. From figure 8, there is about 54.16% of the 
percentage difference below 1.0%. The percentage difference shows the least discrepancy is 
0.025%, which is on 1:00am and the most discrepancy shows 2.73% on 4:00pm. The differences of 
the two percentage difference are 2.705%.  
1.5.2 Least numbers of discrepancy hours between Autodesk® Ecotect® Analysis 
& field experiment 
 For Autodesk® Ecotect® Analysis, among all the experimental days, 17th February 2012 
was selected as the analysed day since it is the day posses least numbers of discrepancies compared 
to field measurement result. The mean percentage difference of the selected day among all other 
days give the value of 1.87%, which is consider low compared to other days. From figure 9, the 
highest air temperature recorded by field measurement on 17th February 2012 shows 30.83°C on 
4:00pm while highest air temperature recorded by Autodesk® Ecotect® Analysis shows 29.1°C. 
The same value has been repeated continuously for several times, for instant: 27.2°C repeated from 
12:00am to 5:00am while 29.1°C repeated from 1:00pm to 3:00pm. The accuracy of the result 
generated is questionable. However, the range of the result generated still within the acceptable 
range, which is within 15%-20%. For the lowest air temperature, both field measurement results and 
Figure 6: Percentage differences between field 
measurement and IES<VE> for test room on 11th 
February 2012 
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Figure 5: Comparison between Air temperature of 
field measurement and IES<VE> on 11th 
February 2012 
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simulation results shows the similar value on same time, which is 26.71°C and 27.1°C at 7:00am 
respectively.  
 According to figure 9, there is only 29.1% of percentage differences of field measurement 
and simulation software below 1.0%, 37.5% between 1.0%to2.0% and 29.2% above 2.0% of 
accuracy. The percentage difference shows the least discrepancy is 0.036%, which is on 3:00am and 
the most discrepancy shows 5.94% on 4:00pm. The differences of the two percentage difference are 
5.90%, which give less accuracy compared to IES<VE>® of 3.83%. 
 
  
1.5.3 Least numbers of discrepancy hours between IES<VE> ® & Autodesk® 
Ecotect® Analysis. 
   
 The least numbers of discrepancy hours between IES<VE>® and Autodesk® Ecotect® 
Analysis could be found on 16th February 2012 among the experimental days as shown in figure 11. 
In general, there is no overlap results happened between both simulation results but both giving the 
similar variation pattern. Among all the experimental days, the selected day discuss in this section 
 
Figure 10: Percentage differences between 
IES<VE> and Autodesk Ecotect Analysis on 16th 
February 2012 
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Figure 9: Comparison between air temperature of 
IES<VE> and Autodesk Ecotect Analysis on 16th 
February 2012 
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Figure 8: Percentage differences between field 
experiment and Autodesk Ecotect Analysis on 
17th February 2012 
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Figure 7: Comparison between air temperature of 
field measurement and Autodesk Ecotect Analysis 
on 17th February 2012 
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shows the lowest mean percentage of discrepancy value, which is 3.99% among all. The highest air 
temperature given by IES<VE> ®is 30.80°C at 4:00pm while Autodesk® Ecotect® Analysis gives 
the highest air temperature of 29.6°C on same hour. The lowest air temperature generated by 
IES<VE>® and Autodesk® Ecotect® Analysis shows the value of 27.48°C on 6:00am and 27°C on 
2:00am respectively. The difference of the highest air temperature and lowest temperature for 
IES<VE>® and Autodesk® Ecotect® Analysis are 1.195% and 0.483% respectively. According to 
Figure 10, generally there are no single similarities on the data between both simulation results. 
The largest gap of percentage difference for both simulation software falls on 9:00pm with value 
7.19% while the smallest value for percentage differences was recorded on 8:00am with value 
1.36%.  
1.5.4 Most numbers of discrepancy hours between IES<VE> ® & field experiment 
 
 After investigating on the results with least number of discrepancies, the experimental days 
with most numbers of discrepancies were necessary to investigate in order to compare the 
differences gap of the software. According to Figure 11, 19th February 2012 is the selected day 
with highest average value of percentage differences among all experimental days for IES<VE>®. 
In this particular day, the percentage differences for both set of data are high and no single data was 
overlapped even though both variation patterns were similar. The mean percentage differences show 
the highest value, which is 9.24% among all the experimental days. The large gap occur might due 
to the weather changes or rainy day on the particular day. Normally the weather data provided in 
simulation software ignored the special case such as rainy days. The highest air temperature for the 
field measurement of the selected day is 29.10°C on 4:00pm and 30.95°C for IES<VE>® on same 
time. The lowest air temperature for the field measurement recorded as 24.81°C on 7:00am and 
27.63°C on the same time for IES<VE>®. The air temperature differences for the highest value is 
1.85°C while the differences of lowest value is much more higher, which is 2.80°C difference from 
the measured result. The percentage of discrepancy can be investigated from Figure 12. The least 
percentage of discrepancy hours stated as   4.67% at 11:00pm while the biggest percentage of 
discrepancy hour shows by 11:00am with value 13.62%. 
 
Figure 12: percentage differences between field 
measurement and IES<VE> on 19th February 
2012 
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Figure 11: Comparison between air temperature of 
field measurement and IES<VE> on 19th 
February 2012 
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1.5.5 Most numbers of discrepancy hours between Autodesk® Ecotect® Analysis  
& field measurement  
 For Autodesk® Ecotect® Analysis data, there is only 12.5% of the overall percentage 
differences below 1.0% compared to the field measurement result. In this case, 10th February 2012 
has been selected as the mean percentage differences for Autodesk® Ecotect® Analysis shows the 
highest value among all other days, which is 6.20%. According to Figure 13, the highest air 
temperature value of the selected day for field measurement and Autodesk® Ecotect® Analysis 
recorded as 31.75°C on 5:00pm as well as 28.5°C on 2:00pm respectively. The differences of the 
highest air temperature for both data sets recorded as 3.25°C and the lowest air temperature's 
difference as 0.31°C. The largest gap of percentage differences for Autodesk® Ecotect® Analysis 
and field measurement recorded as 13.13% on 6:00pm while the smallest gap of percentage 
differences as 0.22% on 9:00am. Figure 14 shows that the variation of percentage difference 
gradually gets closer to zero at 7:00am from 6.7% at 12:00am mid night. The percentage differences 
increase after 9:00am with value 0.23% till 6:00pm with percentage difference of 13.13%. The 
variation drop gradually to 9.11% on 11:00pm and form a smooth pattern of percentage differences. 
In general, 87.5% of the mean percentage difference is not falls between the ranges of 0% to 1.0%, 
which is consider inaccurate. However, this might due to external factor of the field measurement.    
  
 1.5.6 Most numbers of discrepancy hours between IES<VE> ® & Autodesk® 
Ecotect® Analysis  
 In comparison with two simulation software, the selected day with huge percentage of 
discrepancy falls on 12th of February 2012. The particular day has been selected due to its huge 
mean percentage difference value among all the experimental days, which is 7.04%. According to 
figure 17, the highest air temperature of IES<VE>® shows 30.29°C on 5:00pm while Autodesk® 
Ecotect® Analysis shows 28.4°C on 2:00pm. The lowest air temperature for IES<VE>® and 
Autodesk® Ecotect® Analysis gives the value of 27.96°C on 7:00am and 26.6°C on 6:00am 
respectively. The differences of 1.89°C and 1.36°C for the highest air temperature and lowest air 
temperature generated by two simulation software indicated that the range of differences still 
 
Figure 14: Percentage differences between field 
measurement and Autodesk Ecotect Analysis on 
10th February 2012 
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Figure 13: comparison between air temperature 
of field measurement and Autodesk Ecotect 
Analysis on 10th February 2012 
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consider acceptable. Referred to figure 18, the percentage differences for both software shows that 
87.5% of the discrepancy between two software exceeding 5.0%. The closer the value to 0.0% 
means the higher the similarities and accuracy of the selected software.   
.   
1.6 Conclusion 
 After analysing the results recorded by field measurement as well as generated by 
IES<VE>® and Autodesk® Ecotect® Analysis, the percentage discrepancy of the experimental 
results ranged from 0.0003% to 14.114%. In general, the mean air temperature recorded by field 
measurement stated 28.36°C.  Compared with field measurement, IES<VE>® gives similar mean 
air temperature value throughout the experimental days, which is 28.94°C. The differences between 
the two value is about 0.58°C, or 2.0%. In the other hand, the mean air temperature by Autodesk® 
Ecotect® Analysis recorded as 27.34°C, which is 1.02°C lower than mean result from field 
measurement. This means that the average accuracy of IES<VE>® is higher than Autodesk® 
Ecotect® Analysis. 
 Furthermore, the percentage of differences for IES<VE>® is lower than the percentage 
differences for Autodesk® Ecotect® Analysis by 1.46%. The average percentage differences for 
IES<VE>® recorded as 3.71% compared to field measurement result and the average differences 
for Autodesk® Ecotect® Analysis recorded as 5.16%. The closer the percentage differences to zero 
the higher the accuracy of the results generated by simulation. Thus, the statement has proven that 
IES<VE> has higher accuracy compared to Autodesk® Ecotect® Analysis.  
 Other than that, the repetition of the data was happen in Autodesk® Ecotect® Analysis 
compared to IES<VE> and field measurement. For instant, the same number of air temperature 
generated continuously from 11:00pm of 7 February 2012 to 7:00am of 8 February 2012. In reality 
the condition would not happened without any alteration of value. This might be caused by the error 
range generated by software and lead to the unchanged value continuously. 
 In conclusion, the research outcome show that IES<VE> perform more accurate compared 
to Autodesk® Ecotect® Analysis in nearly all the analysed hour in the condition of the percentage 
Figure 16: Percentage differences between 
IES<VE> and Autodesk Ecotect Analysis on 12th 
February 2012 
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Figure 15: Comparison between air temperature 
of IES<VE> and Autodesk Ecotect Analysis on 
12th February 2012 
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of discrepancy not more than 15% Hence, it can be summarized that IES<VE> can be used for the 
simulation of air temperature in building design project and research purpose.   
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Policy For Post Occupancy Evaluation In Rating 
Green Office Buildings In Malaysia 
 
Yakubu Aminu Dodo, Mohd Zin Kandar, and Dilshan Remaz Ossen 
 
 
Abstract 
 
Office buildings consume most of the energy in the building sector. One 
third of the time office workers spend in a day are in the offices. This has 
impact on the environment negatively and partly responsible for climate 
change as unnecessary energy is expended on trying to adhere to the 
unfavourable indoor environment conditions they find themselves. The 
current trends in office design worldwide have shifted to energy efficient 
and environmental friendly buildings which are been determined by 
rating the buildings. Energy used in buildings are strongly influenced by; 
building’s design, construction, operation, and maintenance, as well as 
the activities of occupants. This paper aimed to determine the role policies 
can play in the inclusion of human value or cultural context in line with 
GBI rating system to rate both conventional and green office 
buildings.This study engaged in a review of existing literature on office 
design practice in Malaysia with Leadership in Energy and 
Environmental Designs (LEEDS) as a comparative rating system to the 
Green Building Index (GBI) Malaysia rating. A focus on Indoor 
Environmental Quality (IEQ); given the many interactions between 
building energy performance and IEQ, are addressed and researched in a 
coordinated manner, as a priority, to make the world a more sustainable 
place. Some key factors such as human value and cultural context as a 
major aspect are needed to be included in future policies for green 
buildings in order to achieve sustainable development. 
 
 
 
Keywords 
Green Building Index, Indoor Environmental Quality, Policy, Office 
Building 
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1.0 Introduction 
 
Green building is one of the most socially beneficial and cost effective means of achieving 
large –scale carbon-dioxide (CO2) emission reductions in the building industry, cost effective 
energy savings as great as 40% can be made in Non-Residential New Construction with these 
savings achieved at little or no cost, if green buildings methods are integrated during the design 
stage.  A review of certification process of the Green Building Index (GBI) Malaysia shows a 
similarity that certification process of the GBI rely on a ‘baseline’ predictions which are used to 
determine the certifing ratings. Review of some selected Post occupancy Evaluation (POE) on 
selected Rating systems; Leadership in Energy and Environmental Designs (LEEDS) and the Green 
Building Index (GBI) Malaysia rated buildings would be use in this study. The envisage result 
would be sugestion on how to bridge the gap between predicted computer simulation and actual 
energy used of a green building to facilate the GBI certification processes in order to enhance 
effective energy efficiency buildings as well as establishing a guideline for a ‘non-physical 
features criterion’ to rate green buildings in the GBI certification process.  
Most rating tools are concentrated in the temperate zone. LEED-certified offices are using 
less energy comparable to non-LEED office buildings. Holistically, LEED-certified offices are not 
using less energy in comparison to convectional office buildings [1], but at a societal level green 
building can contribute to substantial energy savings, but further improvement are  needed in rating 
individual green building [2]. The negligence of human value as one of the important criteria in 
rating buildings performance is of another concern [3]  states that, the ‘non-physical features’ which 
are in the form of human behavioral index could be achieved when these buildings are said to be 
occupied and Post Occupancy Evaluation (POE) performed to include this index. 
 
1.1 Aim  
 
This paper aims to determine the role policies can play in the inclusion of human value or 
cultural context in line with GBI rating system to rate green office buildings in Malaysia which are 
not certified (conventional building) and certified buildings. 
 
2.0 Background 
 
The background of this study discusses post occupancy evaluation in green buildings, how 
it affects Indoor Environmental Quality (IEQ). The effects of IEQ in Sustainable Design Guidelines, 
Rating System and green building index classification. 
 
2.1 Post-Occupancy Evaluation (POE) of Indoor Environmental Quality (IEQ)  
 
Post-occupancy evaluation (POE) for investigating occupants’ satisfaction and performance can be 
one method of assessing the success of IEQ strategies in sustainable buildings [4]. POE has been 
defined as “a process of systematically evaluating the performance of buildings after they have been 
built and occupied for some time” [5], and as “examinations of the effectiveness for human users of 
occupied design environments” [6]. Comprehensive POE methods can provide valuable information 
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that is essential for continuous improvement of existing building design and practices and 
contributes to future versions of assessment methods, better ensuring the success of future building 
development that is truly sustainable [7 & 8].   
As a result, it provides designers with information regarding the performance of their 
designs and provides building owners and occupants with guidelines to achieve the best 
environments from their existing resources. Various researchers have developed the occupant 
survey questionnaire to investigate occupants’ perceptions of indoor environments,  the Center for 
the Built Environment (CBE) at the University of California, Berkeley, has been conducting a web-
based IEQ survey to assess the performance of workspaces, identify areas in need of improvement, 
and provide useful feedback to designers and building operators concerning specific aspects of 
building design features and operation strategies from the occupants’ perspective [9]. 
 
2.2 IEQ in Sustainable Design Guidelines and Rating Systems  
 
All over the world, the growing demand for improved IEQ that positively affects occupants’ 
outcomes, such as comfort, health, well-being, satisfaction, and work performance, has been 
reflected in the incorporation of IEQ criteria in various sustainable design guideline and rating 
systems, such as Green Star in Australia, the Hong Kong Building Assessment Method (HK-
BEAM), the Comprehensive Assessment System for Building Environmental Efficiency (CASBEE) 
in Japan, the SBTool used internationally, LEED in North America, and B3-MSBG in Minnesota. 
Despite the differences between the standards and the countries in which they were developed, all 
include IEQ criteria. Sustainable building rating systems and guidelines transform sustainable 
building design goals into specific practices and provide a framework to assess the overall building 
design [10, 11, & 4]  
 
2.3 Relationships between Satisfaction with IEQ Criteria and Sustainability 
 
Much of the interest in sustainable design is related to occupants' potential benefits that are 
associated with improved IEQ. Key environmental factors affecting occupants include the 
environment's air quality, its temperature conditions, lighting, ventilation, and the degree or type of 
personal control over environmental conditions [12]. Studies related to IEQ have evolved from 
thermal condition in the 1970s-1980s and Indoor Air Quality (IAQ) in the 1990s. 
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 Environmental benefits 
 Better overall air quality inside the 
facility 
 Reduce toxic emission include volatile 
organic emission, 
 Carbon monoxide and  
 Carbon dioxide 
 
 
 
 
 
 
Social Benefits 
Improved occupants 
 productivity 
 health  
 safety 
 comfort 
 security 
 sense of well-
being 
 
 
 
 
 
 
Economic Benefits 
 Improve workers’ 
productivity 
 Low absenteeism 
 Reduce staff turn 
over 
 Lower Health 
Insurance cost 
 Reduce Threat 
and litigation 
from adverse 
health problem 
inside the 
building 
Figure 1 Integrated Relationship between IEQ Criteria and sustainability 
 
 
2.4 Green Building Index Classification 
 
The aforementioned criteria consider only physical features of a building and the non-
physical features are left out. The research would be investigating which GBI criteria earned more; 
to assess level covered by MS1525:2007 in the GBI certification process in NRNC, to evaluate the 
user’s perception on some selected GBI certified buildings in order to establish a human index 
design criterion; which are the non-physical dimension required to rate green buildings. 
 
 
Table 1Green Building Index (GBI) Malaysia Rating 
 POINTS GBI RATINGS 
1 86+ Points Platinum 
2 76 to 85 Points Gold 
3 66 to 75 Points Silver 
4 50 to 65 Points Certified 
Source: www.greenbuildingindex.org 
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Table 2 Green Building Index (GBI) Malaysia criteria for rating New and Old buildings 
PART ITEM   
  NRNC NREB 
1 Energy Efficiency (EE) 35 38 
2 Indoor Environmental Quality (EQ) 21 21 
3 Sustainable Site Planning &Management (SM) 16 10 
4 Material & Resources (MR) 11 9 
5 Water Efficiency (WE) 10 12 
6 Innovation 7 10 
                                                            Total Score 100 100 
Source: www.greenbuildingindex.org 
  
 
Table 3 GBI rating Tools concept 
Source: www.greenbuildingindex.org 
 
Table 4 A breakdown of the Criteria for rating NRNC 
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Source: 
www.greenbuildingindex.org 
 
3.0 Method 
 
The method employed in carrying out the research was through a series of literature review of 
existing; guidelines, legislations, and policies as well as work carried out on the aspect of POEs and 
IEQs around the globe This study engaged in a review of existing literature on office design practice 
in Malaysia with Leadership in Energy and Environmental Designs (LEEDS) as a comparative 
rating system to the Green Building Index (GBI) Malaysia ratings. A focus on how Indoor 
Environmental Quality (IEQ) is been rated at a pre occupancy and post occupancy stage. 
 
4.0 Result And Discusion 
 
4.1 Pre Occupancy Evaluations of Green Buildings 
  
Building occupants are a valuable source of information for indoor environmental quality (IEQ) and 
its effects on health, comfort, satisfaction, self-reported performances, and building performance. 
There are no standardized methods to survey occupants. A brief literature review has been 
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conducted to collect and describe features of IEQ questionnaires. Building occupants are a valuable 
source of information for indoor environmental quality (IEQ) and its effects on health, comfort, 
satisfaction, self-reported performances, and building performance.  
 
4.2 Post Occupancy Evaluation of Green Buildings 
 
[13] Indoor environmental quality (IEQ) and building energy use are both strongly influenced by a 
building’s design, construction, operation, and maintenance, by the activities of occupants, and by 
outdoor environmental conditions. Consequently, energy-efficiency measures may degrade IEQ, 
improve IEQ, or be IEQ neutral. Similarly, IEQ improvement measures may increase or decrease 
energy consumption or be energy neutral.  
4.3 Proposed Guide to Policies for POEs 
 
These are some guidelines for ensuring that effective policies could be put in place for 
implementing practice of POE in construction industries as the practice of POE would assist to 
understand our buildings the better and results could be used to improved them especially the aspect 
of sustainability 
 
4.3.1 Technical Assistance  
 
Many municipalities are also offering free planning or certification training and assistance, with 
access to a credentialed green building experts. This assistance may allow for a developer who is 
unfamiliar with green building practices to build green. 
 
 
4.3.2 Marketing Assistance 
 
One important aspect of certifying projects under a green building standard is being able to use this 
as a marketing tool.  
 
4.3.3 The Need for a Strong Research and Development /Education  
                      Program  
 
A firmer policy and focused strategies are needed to increase the acceptance of energy efficiency 
and the use of sustainable approach to green building design and construction of office buildings 
Little attention have been paid to broader issue on policy on green buildings worldwide in the aspect 
of  R & D as well as awareness on the benefits of sustainability practice  
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5.0 Conclusion 
 
The Sustainable Development concept is still at a developmental stage, there is need to address the 
subject in a systematic fashion taken into consideration some key factors in achieving sustainable 
development from the building perspective. 
 Education (awareness) 
 Legislation (policies at all level) 
 Taxation (policies) 
 Practice efficiency and business advantage 
 Image and reputation 
 
The factors listed above are all human values and cultural context and need to be incorporated in 
our rating system and this can be achieved easily by the type of policies the stake holders would put 
in place at all tiers of government in form of laws, bye laws, guidelines and legislations for 
constructing new building as well as retrofitting existing buildings with the issue of sustainability in 
mind [14, 15, 16, & 17]. Given the many interactions between building energy performance and 
IEQ, these two issues discussed above, Pre Occupancy Evaluations of Green Buildings and Post 
Occupancy Evaluation of Green Building should be addressed and researched in a coordinated 
manner to reflect in the future Policy in Rating Green Office Building in Malaysia 
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 Thermal Comfort And Double Skin Facade In Hot 
And Humid Climate 
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Abstract 
 
Double skin facade (DSF) is created by adding glazed surfaces as 
an outer skin to the building facade. There is a cavity between 
internal and external surfaces of DSF which has a vital effect on the 
performance of DSF. Various advantages of DSF turn it into an 
acceptable facade technique especially in a cold climate. But 
performance of this technology in hot and humid climate needs 
more investigation to prevent any unpleasant future. Natural 
ventilation by utilizing DSF is a known method which contributes 
to enhanced thermal comfort. Previous researches show, DSF can 
act as a solar chimney and improve natural ventilation which is 
one of the main parameters of thermal comfort. The main objective 
of this paper is to form the preliminary platform to raise various 
idea of improving natural ventilation and enhance thermal 
comfort by utilizing DSF as a solar chimney especially in hot and 
humid climate of Malaysia. A compatible and acceptable method of 
simulation and computational fluid dynamic (CFD) is proposed to 
achieve this aim.         
 
Introduction 
 
DSF is one of the architectural phenomena that appeared with the growth in technology and 
because of various advantages concentrated by architects and engineers. It becomes a common 
architectural feature in European competition [1]. Jiru et al. [2] define DSF as a combination of two 
glazing surfaces which operates as a building envelope with ventilated air gap and solar control 
device within the gap.  
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 The desire to utilize DSF has increased among architects although it is not a new idea and 
new concept. Architects utilize DSF for different purposes such as  thermal aims, ventilation aims, 
acoustic insulation and lighting aims [3]. Many researchers have demonstrated the above advantages 
of DSF, for example Saelens et al. [4] in Energy Performance Assessment of Multiple-Skin Facades 
have shown it is feasible to enhance the building’s energy efficiency in some way by using DSF. 
Also “ DSF with thermal mass in building has a unique energy saving advantage [5]”. Although the 
most effect of DSF on energy usage is in cold climate, it can also lead to improved thermal comfort 
in hot climate by utilizing natural ventilation. Concentration on simulation results state, combination 
of DSF and natural ventilation strategy can lead to minimized energy usage while improving 
thermal comfort [6]. In this way solar chimney is a strategy based on thermal buoyancy to enhance 
natural ventilation that can be integrated with DSF to enhance air movement and lead to thermal 
comfort. 
 
Thermal comfort is a vital factor for occupants during operative time. Unpleasant effects of 
poor indoor thermal comfort was reported by Stoops [7]. Different methods are employed by 
architects and engineers to enhance thermal comfort within buildings. Double skin façade (DSF) is a 
result of architects and owners desire to create full glazed façade and concentration on energy usage 
and thermal comfort of occupants. 
The lack of previous research on DSF in tropical climate, lead this paper to focus on the potential of 
DSF to enhance air movement by utilizing solar chimney strategy in a hot and humid climate of 
Malaysia. Indeed this paper is a review to gather some of the previous researches on the three key 
words of thermal comfort, natural ventilation and DSF, it provides a suitable platform for various 
proposed configurations.  
The selected research method for the above key words is Computational Fluid Dynamic (CFD) and 
simulation which is known as an appropriate method to examine main thermal comfort parameters 
in buildings.  
 
Definitions and Parameters of Thermal Comfort  
 
There are different and various definitions and parameters for thermal comfort and it is not 
easy to express one definition for all conditions and situations. The followings are two common and 
acceptable definitions of thermal comfort.  
Fanger [8] has stated thermal comfort condition for a person and he has mentioned ‘‘that condition 
of mind which expresses satisfaction  with the thermal environment’’. Also in ASHRAE Standard  
55 [9], thermal comfort is defined “as that  condition  of  mind  which  expresses satisfaction with 
the thermal environment and is assessed by subjective evaluation.” 
Auliciems et al. [10] in their booklet divided the parameters of thermal comfort into 3 sections 
namely: environmental parameters, personal parameters and contributing parameters. Probably 
Fanger [8] comfort equation is the most precise and detailed analysis of human  thermal relationship 
with the proximal environment [10]. He expressed that the thermal balance of the body is affected 
by air temperature, mean radiant temperature, relative air velocity, relative humidity, personal 
factors called metabolic rate (or activity level) and clothing thermal resistance. 
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Measurement of Thermal Comfort  
 
Based on Auliciems et al. [10], there are two methods to determine people’s thermal comfort 
namely: by questionnaires and by measurements of physiological variations. The questionnaire is 
used in common occupied spaces and physiological type is used in laboratories. 
There are two common and most frequently applied scales for thermal comfort. These are ASHRAE 
Scale and the Bedford Scale. Both of these scales are on seven point-scale ASHRAE Scale [10].  
 
Table 2.1:  Comparison of ASHRAE scale and Bedford scale 
(Source: Auliciems, A. and S. Szokolay. THERMAL COMFORT. PLEA;2007) 
 
  Also thermal comfort indices are developed to determine boundary of comfort, optimum 
value of thermal comfort, climate classification, evaluating previous exposures and setting exposure 
thresholds [10]. 
 
The ASHRAE Standard 55-2004 
 
The ANSI/ASHRAE Standard 55-2004, Thermal Environment Conditions for Human 
Occupancy, deal with thermal comfort within occupied spaces.  The ASHRAE standard is provided 
to determine acceptable thermal condition for occupants within the spaces with respect to indoor 
thermal parameters and occupants parameters[9]. This standard deals with thermal environmental 
parameters and personal parameters such as activity and clothing. Thus physical, chemical, or 
biological contaminant parameters such as air quality, acoustics do not address in this standard.  
ASHRAE standard 55-2004, defined six parameters as main factors of thermal comfort in occupied 
spaces and mentioned that these parameters vary with time and standard assumed them in steady 
state . These parameters are as stated below: 
 
1. Metabolic rate  
2. Clothing insulation  
3. Air temperature  
4. Radiant temperature 
5. Air speed  
6. Humidity    
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In terms of natural conditions, section 5-3 of ASHRAI standard 55-2004 provides a new 
method to determine acceptable thermal conditions in occupied spaces. Application of this section is 
for spaces which provide acceptable thermal condition based on opening and closing of windows 
and without any mechanical cooling system. Metabolic ranges of 1.0 to 1.3 assumed for theses 
spaces. Figure 2.1 shows the acceptable operative temperature range with respect to ambient 
temperature. As the figure shows, no air speed and humidity data need in this option  
 
Figure 2.1    Acceptable operative temperature ranges for naturally conditioned spaces (Source: 
ANSI/ASHRAE Standard 55-2004, Section 5.3) 
 
 
Thermal Comfort in Hot and Humid Climate 
 
Thermal comfort is necessary for a healthy and productive life [11]. The comfort level of 
people in different locations varies [11]. Thus there are some differences between thermal comfort 
condition for hot and humid climate in comparison with ASHRAE standard as a universal index. In 
Introduction to architectural science[12], Olgyay’s comfort zone was modified for warm climate 
(Fig 2.2).  
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Figure 2.2     Olgyay’s bio-climatic chart in metrics, modified for warm climates  
(Source: Introduction to Architectural Science, Szokolay, 2008, p. 21) 
 
Based on figure 2.2, thermal comfort upper boundary can expand to higher temperature if 
there is an adequate air flow rate in the building. Also different researches have shown that 
acceptable temperature for occupants in a naturally ventilated buildings in hot and humid climate 
increase and has an upper rate in comparison to ASHRAE standard [13, 14, 15, 16]. Hussein [17] 
carried out a field study and measured comfort environmental conditions and occupants’ comfort in 
two schools and one clinic in Johor Bahru without air condition system. His research show that 
people accepted thermal range is beyond the ASHRAE standard. He found the neutral temperature 
of 28.4ºC with a comfort range of 26.0ºC to 30.7ºC for these buildings. Hwang et al. [16] carried out 
a field experiments in 10 naturally ventilated and 26 air-conditioned campus classrooms. Their 
results also show an upper acceptable margin of temperature than ASHRAE standard. 
 
Review on Natural Ventilation 
 
Natural ventilation is a method that provides fresh air indoor to cool the interior spaces. 
Natural ventilation is not a new approach and many vernacular architects used natural ventilation in 
their buildings, but instruments and methods to achieve and improve natural ventilation have 
changed over time. The potential of natural ventilation is significant in architectural design to 
achieve comfort condition [18]. Although thermal comfort is not the only result of a good 
ventilation, suitable ventilation system provides adequate fresh air and also lead to exit of air 
pollution from spaces [19]. Also this natural airflow decrease operation cost and attractive method 
to improve air condition in a buildings with mechanical ventilation [20].  
Although Awbi et al. [21] numbered three types of ventilation but totally natural ventilation is 
created due to two reasons in buildings, wind driving force or aeromotive which is created because 
of air pressure difference and buoyancy driving force or stack effect duo to temperature difference 
of inside and outside of the buildings [22]. Wind force is horizontal air movement that causes 
airflow into building through windows and doors because building interior is usually much warmer. 
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While stack effect ventilation is vertically when cool air become warmer and warm air move 
vertically and quit from the building through the chimney and air well [22]. 
 
Natural Ventilation Strategies 
 
There are three basic natural ventilation types; these are single-sided ventilation, cross 
ventilation and stack effect [23]. Single-sided ventilation is a most simple method of ventilation that 
provides fresh air by an opening on one side of a space and air inlet and outlet from one side [21]. It 
is not appropriate for large and deep spaces like open offices because  ventilation cannot penetrate 
to the depth of spaces and limited air flow rate will prevent complete ventilation in deep rooms [21]. 
 
  The main concept of cross ventilation also is simple and it is based on different pressure 
between two different sides of the building.  When the wind hit one side of the building (windward 
side), the air will speed up to move to the other side of the building (leeward side) [24]. If there are 
openings on two or more sides of the building, cross ventilation is created. Cross ventilation is an 
effective ventilation method in a space [25]. Efficiency of  cross ventilation is affected by different 
factors such as opening sizes, opening position, opening shape, interior design and division,  
surrounding building geometry, dimension of space, climate and so on. Wang et al. [26] studied 
façade design effect on natural ventilation in a residential building in Singapore. They mentioned 
that opening size or ratio between window to wall (WWR) is the main parameter that affect the air 
velocity within the spaces [26].  
 
The third concept of natural ventilation is stack effect. Stack effect is created because of 
different temperature of inside and outside of the building [27]. Difference between densities and 
pressure gradient cause this air movement in the vertical direction [28]. And if the inside 
temperature is lower than outside, the airflow direction is reverse [28]. Various strategies offer by 
researchers to improve stack or buoyancy effect and solar chimney is an effective type of these 
strategies in buildings. 
 
 Solar Chimney 
 
As mentioned above the solar chimney is a strategy to enhance stack effect and achieve an 
adequate air flow rate within building [29]. Zamora and Kaiser [30] mentioned the aim of solar 
chimney as a strategy to provide natural ventilation within spaces through solar induced air motion. 
This vertical air flow is based on the solar radiation gain. Indeed by maximizing solar gain through 
solar chimney,  stack effect will be maximized .Solar chimney configuration is various but it is 
feasible to classify  them into two main category, wall solar collector and roof solar collector [31]. 
 
Although significant air flow and ventilation can be achieved by thermal chimney [32] but it 
is essential to concentrate some parameters that affect the efficiency of solar chimney such as solar 
chimney dimension, materials, chimney inlet and outlet size and position, absorber surfaces 
material, absorber surfaces area and angle and climatic condition [22, 33, 34].   
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Also some researchers sought better indoor air flow and air quality ventilation by a 
combination of solar chimney and other techniques [35, 36]. Previous studies show, DSF has the 
potential to act as a solar chimney and contribute to better natural ventilation. Ding et al. [32] did an 
experimental and CFD study on DSF as a solar chimney. They proposed extending part to the top of 
the DSF which improve the vertical air movement in the cavity. Indeed by this method stack effect 
of DSF was enhanced.  
 
Review on Double Skin Façade  
 
Different problems of conventional building’s facade in terms of natural ventilation,  thermal 
comfort condition and glare especially for buildings in hot climate encourage engineers and 
architects to employ a new method and technique to solve these problems [37], one of these solution 
is DSF. As mentioned before this research provide a review on thermal comfort, natural ventilation 
and DSF, thus this section describes definitions, classification, advantages, and disadvantages of 
DSF specially in the hot and humid climate.    
 
Definition and Classification of Double Skin Façade 
 
There are many different definitions for double skin façade [2, 32, 38, 39]. Researchers 
have used different names for this type of façade. Poirazis [40] in his report has mentioned some of 
these names, for example Active Façade (usually when the air cavity ventilation is mechanical), 
Passive Façade (usually when the air cavity ventilation is natural), Double Envelope (Façade), 
Energy Saving Façade, Multiple-Skin Façades and Intelligent Glass Façade. These names are the 
results of the wide definition of double skin façade. But concentration on their main body of 
definitions indicates some similarity among all of these definitions as a principle of double skin 
façade namely;        
1. Double skin façade operates as an envelope of a building  
2. Double skin façade is the combination of two glazing skins                                                    
3. There is a cavity between the skins      
4. The cavity operates as an insulation space                 
5. Sometimes placed shading devices within the cavity     
6.  
There are many different classifications for DSF which are based on different criteria such as 
ventilation, cavity partition, construction and etc. [40]. Some of these classifications are as follows:  
 
Oesterle et al [1] categorize the DSF into four main classes namely: 
1-Box window: DSF cavity divided horizontally and vertically into a small part without 
 connection. Horizontal division based on construction axes or architecture division of 
 rooms.  
2-Shaft-box façade: it’s a combination of box-windows and vertical shaft that each box- 
window is connected to a shaft. This type of DSF increase stack effect, which is one of the 
 natural ventilation method in buildings. 
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3- Corridor façade: cavity is divided into a horizontal part by closing in each floor 
4- Multi-storey façade: cavity is not divided into a small part and there is no partition in the 
 cavity. There is a big air inlet in the bottom and an outlet at the top.  
 
Hausladen et al. [41] mentioned controllable double-skin façade which is similar to multi-storey 
façade in divisions, but with differences in the air inlet and outlet as well as the outer skin which is 
comprised of glazing movable blinds. 
X.loncour et al. [42] classified ventilated double façade based on concepts. They mention 
three factors to classify the ventilated double faced as stated below. 
1-Types of ventilation 
2-Devision of the facade 
3-The modes of ventilation of the cavity      
         
They also separated this classification into a smaller part. They divided the type of 
ventilation into natural ventilation, mechanical ventilation and hybrid ventilation.      
 
Advantages and Disadvantages of DSF 
 
The main reason for using DSF instead of conventional facade is the transparency feature of 
it which lead to better connection of occupants and surrounding as well as increasing the daylight 
penetration without glaring problem [43]. Many researches have been done to find and analysis the 
advantages of DSF. The followings are the main advantages of DSF which are mentioned in 
previous studies. 
1. Decrease noise pollution [44, 45, 46, 47, 48]  
2. Energy saving and improve thermal energy performance of building [5, 6, 37, 38, 
49, 50, 51] 
3. Extension protection against external wind and  unpleasant weather condition [44, 
45, 47, 52] 
4. Ventilation purposes especially passive ventilation [47, 53] 
5. Good aesthetics[50]  
6. Improve thermal comfort [6, 50, 54] 
7. Control  and reduce solar radiation when integrated with shading devices [50, 55] 
8.  
Although DSF has many advantages as mentioned above but knowing the disadvantages of 
the DSF is necessary for architects and engineers for appropriate usage. The followings are the main 
disadvantages of DSF which are mentioned in previous studies.      
1. Overheating of cavity [32, 56, 57, 58] 
2. Increasing in cooling demand if DSF is installed without appropriate strategy of 
Natural ventilation [47] 
3. Shading devices increase the temperature of DSF cavity especially in hot period 
[50]  
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Important Parameters to Design DSF 
 
Efficiency and performance of DSF are strongly depending on the accurate design and 
utilizing of effective strategy. Without these parameters, DSF will not be an acceptable and 
appropriate technique in buildings. The followings are the main factors which need especial 
attention during the design process of DSF.  
1. Opening position, size and opening schedule [46, 51, 59, 60] 
2. Cavity geometry [24, 61, 62] 
3. Climatic parameters [38, 46, 59, 63] 
4. Insulation [60] 
5. Night ventilation [39, 48] 
6. Shading devices or blinds[2, 39, 57, 60, 62] 
7. Materials of DSF and shading devices [49, 62, 64, 65] 
8. Building orientation [55, 58, 59, 62] 
 
Proposed Research Methodology 
 
Different methods were proposed to study natural ventilation and air movement such as 
empirical models, small-scale experimental models, full-scale experimental models, multizone 
models, Zonal models and CFD models[66]. Among these ways, CFD is one of the most popular 
methods. Although Computational Fluid Dynamic (CFD) is introduced for industrial proposes but 
now it has become a common method to evaluate ventilation and environment of buildings [67].  
 The application of CFD models isn’t limited to ventilation within buildings and it is 
known as a method to predict different parameters of thermal comfort, indoor air quality, fire safety, 
HVAC system performance, etc. in different types of buildings [66]. CFD modelling is employed in 
designing process and provide accurate and cost effective results [68, 69, 70, 71]. It is a useful tool 
for engineers and designers to calculate inside and outside condition of buildings and acceptable 
results achieved in terms of energy usage and air flow based on CFD modelling [72]. Also various 
studies have used CFD as a valid method to predict air flow and temperature distribution in DSF 
system [2, 52, 57, 73, 74] as well as atrium [69, 75, 76].  
The validation of CFD models is evaluated by different methods. Agreement of wind 
tunnel test and CFD results had been discussed [67]. Successful results of CFD modelling 
mentioned by Rundle et al. [77] to calculate heat transfer and fluid flow in atrium, and acceptable 
range of error between CFD results and experimental results in case of DSF as reported by Xu and 
Yang [52]. Gao et al. [78] found CFD has the better capacity and more accurate results in 
comparison to their empirical models to calculate heat transfer coefficients. These results and its 
lower cost in comparison with an experimental method turn it into one of the most favourite method 
among researchers.  
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Conclusion 
 
This paper is a review of three key words of thermal comfort, natural ventilation and DSF and effort 
to make a platform for searchers to raise new idea in this area. Thermal comfort is a vital parameter 
for occupancy. The advantages and potentials of DSF, significance of utilizing DSF in tropical 
climate to achieve thermal comfort are highlighted. Different methods and ideas can be raised in 
terms of performance of DSF to enhance natural ventilation and improve thermal comfort. DSF has 
the potential of being installed in buildings with various activities. High-rise office buildings, 
commercial buildings, residential buildings and educational buildings are some of the example of 
buildings and complex to install DSF. This technical method is able to enhance natural ventilation 
in regions and buildings which has a limitation of opening windows and doors. The hot and humid 
climate of Malaysia can be an acceptable climate to utilize DSF if new and innovative ideas take a 
consideration to especial problem of DSF in tropical climate.  
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Abstract 
 
Terrace house is the most common house type of housing in Malaysia. 
However, it does not fully cater as a shelter in Malaysia’s hot and humid 
climate as studies have shown that the inside temperature of a terrace 
house is much higher than the ambient temperature. Since terrace house 
receive most heat from the roof, this paper presents the importance of 
installing roof thermal insulation in terrace housing and the current 
practice in Malaysia. Further study on this project is carried out through 
the social survey of the practice and preferences among terrace housing 
occupants in Malaysia. 
 
 
1.0 Introduction 
 
The traditional Malay house in Malaysia that was designed and built by our folks is a near-
perfect design as it is extremely suitable for our local climatic condition which is warm and humid 
throughout the year. They built the house to fit their own lifestyle and also to fit in the local climate. 
The houses use lightweight construction and high insulation materials such as timber, bamboo, and 
attap. These breathable materials retain or conduct only a small amount of heat into the building [1].  
As time goes by, Malaysia have made a lot of infrastructure improvement in terms of 
transportation, urban planning and housing, supplies as well as building construction and 
technology. New technology and techniques has allowed the construction sector to built without 
restraints forced by limited materials and places. The result of this approach is the ‘International 
Style’. The style has quickly become a symbol of wealth and progress because it was spread by the 
influential societies of industrialization. It is unfortunate to the users and nation as most of them 
accept the modern European style without considering the tropical climatic and social conditions of 
Malaysia. [2] 
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Most of modern low cost housing in Malaysia use heavy weight construction and high 
thermal capacity material such as brick, concrete and zinc that absorb heat instead of getting rid of 
it. This causes great discomfort for the users. [1], [3]  
 
The Need of Thermal Insulation in Malaysia 
 
A study on thermal performance in different types of house in Malaysia shows significant 
differences between indoor temperature and outdoor temperature for modern houses during night 
time [3]. The data in Figure 1.1 indicates that being in a house with 2.5  to 3.0  hotter than 
outside during night time will create discomfort feeling among the occupants and will disturb the 
their rest hours.  
Based on what have been discussed above, it is obvious that in hot and humid climate, 
building design should consider ways to reduce the amount of solar heat gain. Houses in Malaysia 
should use low thermal capacity materials to lessen the solar heat gain. Failing to do so will force 
the occupant to depend on mechanical cooling and thus increase the building operational energy [1].  
 
 
Figure 1.1: Period Average of Inside to Outside Temperature Difference for the Measured Cases. [3] 
 
To reduce Operational Energy, non-PA (passive architecture) house can use 
Energy Efficient (EE) equipment and apply Renewable Energy (RE) such as 
photovoltaic (PV) system that generates energy from solar power.  
(Zaki, 2010) 
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The above quotation is from a conclusion of a study on economic assessment of 
operational energy reduction options in a house. Based on the statement made by them, we can see 
that they did not consider in implementing building thermal insulation in order to reduce the 
operational energy caused by excessive solar heat gain.  
The same attitude goes to the Save Energy programme organized by Malaysian 
government. None from the five pillars that serve the foundation mention about implementing 
building insulation to reduce the use of air conditioning and human discomfort.  
Hence the focus of this study is to determine the reason why the house owner and 
professionals does not keen to install thermal insulation into buildings, although a number of 
researchers agreed on the effectiveness of installing building thermal insulation in reducing indoor 
temperature of a building.   
 
1.2 Terrace Houses to Represent Modern Houses in Malaysia. 
 
 
Figure 1.2: Supply of Residential Units by Type in Johor by National Property Information Center (NAPIC ) 
shows that terrace house has the highest number of unit in Malaysia.  
 
A preliminary study on the most occupied house in Malaysia focusing at Johor area had 
been done and we find that the most occupied house in Johor is terrace housing. Table 1.1 shows 
the number of terraced houses in Johor provided by National Property Information Centre in their 
Property Market Report 2011. 
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2.0 Importance Of Roof Insulation In Malaysia 
 
Heat can be transmitted by three processes that are conduction that occurs in solid, 
convection that occur in fluid that is gas and liquid and radiation that occurs through anything that 
allow radiation to pass.   
 
 
A thermal insulating material is a material having a high degree of heat 
resistance per unit of thickness.  
       (P.D. Close) 
 
 
Figure 2.1: Methods of Heat Transfer 
 
A thermal insulating material is a material having a high degree of heat 
resistance per unit of thickness.  
       (P.D. Close) 
 
There are two requirements that are compulsory for a material to be classified as insulation. 
First, it should have low heat conductivity that is not more than 0.05 
 
  
 , and second, it must be 
installed in an adequate thickness. [4], [5] 
 
2.1 Highest Heat Gain for Terrace Housing is From the Roof 
 
Generally, the installation of thermal insulation can be divided into three areas, which are the roof, 
walls, and floor [6]. Since this study is focusing on terrace housing, thermal insulation on the roof 
becomes the main concern. This is determined based on the data in Table 2.1 that shows the 
amount of heat gain through the roof for different residential type.  
 
 
 
Heat 
Transfer 
Conduction 
Radiation Convection 
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Types of Residential  Percentage of heat gain through the roof  
Single Storey Terrace House  More than 75%  
Double Storey Terrace House  More than 50%  
5 Storey  Walk Up Aparment  More than  40%  
Table 2.1: The amount of heat gain through the roof for different type of house. 
 
Based on the information provided, we can see that at least 50% of heat gain in single 
storey terrace house and double storey terrace house is from the roof. Hence it is highly 
recommend installing roof insulation to reduce the heat gain [7].  
 
2.2 Thermal Insulation Reduce Indoor Temperature 
 
 There are a lot of studies that have been conducted by scientist and academicians from 
various field on the effectiveness of thermal insulation to reduce indoor temperature and the results 
show that thermal insulation can reduce up to 20°C from the temperature above the roof tiles. One 
of the study that had been done in Malaysia is by K.S Ong on temperature reduction in attic and 
ceiling via insulation of several passive roof designs. [8] 
 
   
Figure 2.2: One of the data obtained by K.S. Ong in his research that shows the temperature of each critical 
point on the roof that is fitted with 50mm with rockwool blanket insulation and aluminum foil 
below the roof  tiles.  
 
2.3 Thermal Insulation Saves Money 
 
The use of thermal insulation in buildings saves money because it helps to reduce indoor 
temperature before the cooling process was taken over by the air conditioner or fan. It also reduces 
the amount of cold air that escapes through the building envelope [9].  This situation reduces the 
amount of energy needed for air conditioning to cool homes and occupants can set lower speed for 
fans.  
 
 132 Sustainability in Built Environment  I 
 
 
Figure 2.3: The flow showing how thermal insulation helps to reduce electricity bills. 
  
In addition, thermal insulation is a maintenance free material and the only money needed to 
install it is during the purchasing and installation period [10].  
 
Studies of the impact of home with thermal insulation in Malaysia found that if every 
household in Malaysia installing thermal insulation to roof and walls of their homes, the 
government could save up to RM200, 000 per year from money subsidy for residential electricity 
bill [11].  
 
3.0 Current Practice And Preferences Of Thermal Insulation 
 
Academics and scientists have realized the importance of thermal insulation in buildings for 
more than ten years, the usage is still not popular. The similar situation happened in Chicago in the 
1920s. Even though the physical scientist have been aware of the importance of thermal insulation 
since late 1800s, and the first insulation company was built on 1981, it is only after 30 years later 
that civilized people also realize the importance of it. This is due to the promotion and advertising 
activities that had been done on a large scale by building insulation manufacturer. [4] 
 
3.1 Occupants Awareness 
 
 The level of awareness on the importance of application of thermal insulation in Malaysia 
is very low. Study shows that only 22% of occupants are aware that insulation can be used to keep 
the houses cool while only 9% of homeowners know that the use of insulation can reduce the 
electricity bill every month [12]. This information shows that the occupants cannot connect the link 
between the use of insulation to reduce the temperature and how it helps to reduce the monthly bill. 
 
 
 
 
Thermal insulation reduce the amount of heat gain into the 
building. 
Hence reduce the indoor temperature before the air conditioner or 
fan taking over the cooling process. 
Thermal Insulation also reduces the amount of cool air that 
escape. 
These factors reduce the amount of energy needed for air 
conditioning to cool homes and occupants can set lower speed for 
fans. 
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3.2 Campaigns and Programs by the Governments and Other Organization.  
 
 There are lots of programs that emphasize on green technology and energy saving on these 
days. The most recent program launched by the government in 2011 named program 'Sustainable 
Archieve via Energy Efficiency' (SAVE) [13]. However the program did not emphasize on the 
installation of thermal insulation, but more focusing on the purchasing of energy-efficient 
appliances and money rebate for home owners with low electricity bills that are from RM3.00 to 
RM285.00. 
Other body that play important role is the green building rating system; Green Building 
Index. Building insulation, particularly on the roof is one of the important criteria in this rating 
score system [14]. It involves 13% from the full evaluation scores for residential buildings by the 
Green Building Index. Buildings with scores above 86% will receive platinum award, which is the 
highest standards for green building index. 
The insulation material manufacturers in Malaysia are also working on a few projects to 
increase the level of awareness among Malaysians. They have established an association under the 
Federation of Malaysian Manufacturers, named Malaysia Insulation Manufacturers Group or also 
known as MIMG [15]. MIMG has conducted several studies on insulation material and level of 
awareness on the use of thermal insulation. Several explanations on the importance of thermal 
insulation are also made via the website and newspaper articles. In addition, they also conducted a 
number of collaboration with the government and the government has imposed a tax exemption for 
insulation products in the 2009 budget [15]. 
 
 
4.0 Future Research And Methodology  
 
In order to gain more information on practice and preferences of roof thermal insulation in 
terrace housing in Malaysia, a few survey and studies need to be done. The respondents would be 
architects, developers, contractors and material company while the method of study is social survey 
for the occupants, interview sessions for the architects, developers, contractors and material 
companies, and analysis of data gathered during the interview. 
 
4.1 Social Survey 
 
The study on social survey that was performed by others had been done to figure out a 
rough idea on how the social survey for this study would look like. Followings are the case studies 
that had been selected for review: 
 
 Case Study 1: Retrofitting Houses With Insulation To Reduce Health Inequalities: Aims 
And Methods Of A Clustered, Randomised Trial In Community Settings. Howden-
Chapman P, Crane J, Matheson A, et al. 2005 [16]. 
 
 Case Study 2: User Preferences and Problems Encountered in the Selection of Housing 
Windows in Turkey. Derya Sevim Korkut, Tuncer Dilik, et al. 2010. [17] 
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 Case Study 3: 2004 Survey of United States Architects on the Subject of Switchable 
Glazings. G.M. Sottile. [18] 
 
 Case Study 4: Perceptions, attitudes and interest of Swedish architects towards the use of 
wood frames in multi-storey buildings. Kerstin Hemström, Krushna Mahapatra, Leif 
Gustavsson. 2010. [19] 
 
 Case Study 5: Architects Considerations While Selecting Materials. Lisa Wastiels, Ine 
Wouters. [20] 
 
 
Referring to table 4.1, the most detail research is case study one that was aiming to know 
the effectiveness of house insulation in reducing health inequalities. The study had been done for 
two years by 12 researchers and fully funded by the government. They covered 1352 household and 
hired local people to support and data gathering session. This study has to be detail because the data 
gathered will be use for further studies by the health ministry and others.  
 Questionnaire sent by email from case study 4 is the easiest but less effective. After one 
month of data gathering, 4 times reminding the respondent to complete the questionnaire, they only 
manage to get 412 replies out of 3600 emails sent. 
Based on the purpose of the study, the most similar case is the case study two, user 
preferences and problems encountered in the selection of housing windows in Turkey. In the study, 
they prepare a survey form but conduct the survey by interviewing. This is because the respondent 
might need assistance and guidance when answering the questions. Further study on sampling size 
and area of study will manage to determine the method precisely.  
From the studies, the main points was extracted and arranged in a table as the following:  
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Case Study 1 Case Study 2 Case Study 3 Case Study 4 Case Study 5 
Survey 
period  
2 years Didn't 
mention. 
2 months. 1 month. Did not 
mention. 
No of 
researcher  
12 main 
researcher + 
others. 
5 main 
researcher. 
1 researcher. 3 researcher. 2 researcher. 
Purpose Government Researcher Researcher Researcher Researcher 
Type of the 
survey 
conducted.  
Questionnaire
. (Hand in 
Collect by 
hand) 
Interview by 
person 
Phone 
Interview. 
Questionnaire 
sent by email. 
Individual 
interview and 
group 
interview & 
Observations. 
 Case Study 1 Case Study 2 Case Study 3 Case Study 4 Case Study 5 
Method  
With the aid 
of local 
volunteers. 
Regularly 
visit. 
Make survey 
a few times. 
Calculate no 
of respondent 
needed. 
Choose area 
of study 
based on 
Determine 
the area with  
reason. 
Randomly 
choose the 
respondents. 
Send 
reminder to 
complete the 
questionnaire 
4 times. 
Choose 
experienced 
architects for 
individual 
interview. 
Follow up 
meeting with 
projects 
mentioned by 
the architects. 
No of 
Respondent  
1352 
household. 
440 house 
owner. 
16 architects. 3600 people, 
412 people 
respond. 
10 architects 
-5 Individual 
interview 
-5 Group 
interview 
Table 4.1: Details of selected social survey. 
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4.2 Interviews 
 
 Interviews sessions are proposed to be done by face-to-face interview to increase the level 
of responds by the interviewee. Letters on requesting the data will be emailed or send by hand and 
further appointments will be arranged via call or on the spot. The interviewees are selected based on 
the data that they can provide. Table 4.2 shows the interviewees and data needed from them.  
 
Interviewee Basic Questions 
Architects 
Did they include insulation in the drawings? 
Do architects influence the decision on 
installing the insulation into the buildings?  
Contractors 
Did they follow the specification on the 
drawings provided by the architects? 
Do they usually convince developers or home 
owner to exclude the thermal insulation during 
construction? Why? 
Developers 
Did they require the installation of thermal 
insulation in their projects? 
Do they stress on insulation as one of the 
feature in their projects? 
Do future developments consider installing 
thermal insulation? 
Insulation 
Manufacturers 
What are the types of thermal insulation and 
the technical specification? 
How the materials reduce solar heat? 
Any other special features or technologies on 
insulation? 
Who are the main buyers? 
How is the sales of the insulation?  
Table 4.2: The interviewee may provide different data based on their fields.  
 
5.0 Conclusion 
 
The low level of awareness among the users or the occupants affects the number of thermal 
insulation applications on terrace housings. This is because they have the power to decide on the 
installation of thermal insulation and whether to buy a house without insulation or not. Even though 
the Green Building Index have specified the needs of thermal insulation in terrace housing, it is not 
compulsory to comply the Green Building Index and there is no minimum requirement. More 
campaigns and projects need to be done to increase the level of awareness among users and thus 
increase the popularity of thermal insulation usage in terrace housing in Malaysia. 
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Contribution Of Dark Brown Pakis-Stem To 
Mitigate Thermal Solar Irradiation Of A Heated 
Environment 
 
Danny Santoso Mintorogo 
 
 
 
Abstract 
 
In the era of global warming issues areal most happening every time and 
day in many countries, one of the possible way to apply brown and white-
pakis blocks as high-albedo heat insulation in the urban cities is on the flat 
concrete rooftops.  The brown-pakis blocks will absorb much incoming 
global solar irradiation and emit less longwave solar heat to space; in 
contrast, the white-pakis blocks could not only handle well the incoming 
solar irradiation but it also lessens the outgoing longwave solar irradiance 
by simply emiting much irradiation to atmosphere and performing as 
insulator to the flat concrete rooftop. This research is concentrated on the 
ability of brown Pakis-stem blocks to reflect less outgoing solar irradiation 
to space, to absorb and to emit as much possible of longwave solar heat 
irradiation. The results of brown Pakis-stem blocks are proved to reflect an 
average 18.2 W.m-2 compare to white Pakis blocks 71.7 W.m-2 of outgoing 
global solar irradiance to atmosphere. The average surface bottom 
temperature of one-piece brown-Pakis block is 34.8oC compare to 33.9oC 
white-Pakis block. The contribution of brown-Pakis blocks lessen the over 
heated environment, and act as solar irradiation controller and temporary 
container. 
 
 
Keywords 
Brown Pakis-Stem Blocks, Thermal Solar Radiation, Heated Environment 
 
 
1. Introduction 
 
Sustainable architecture buildings involve many items such as saving cooling loads energies, 
installing greenary rooftops, exploring natural resources for comfortable healthy built environment, 
applying passive cooling strategies, and conducting daylighting as well as diminishing over heated 
urban heat island in central business and dwelling zones that cause uncomfortable and unsustainable 
living domains in a town. Beam of short wavelength solar heat sun radiation on top of atmosphere is 
constantly 1,433 W.m-2, and it will be scattered and reflected by many elements once it enters the 
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atmosphere, like water vapour, air molecule, smoke, cloud and the earth surfaces [5]. Reflected 
shortwave irradiation and emitted longwave heat energy from the earth to the atmosphere always 
cause the atmosphere heating up; the atmosphere heating up phenomenon are depended on the 
emission of longwave irradiation heat energy from all surface of materials and degrees of reflection 
of irradiation on light material colour which is regularly called albedo [7]. The lighter the material 
colours are, the higher the solar irradiance is reflected, and the darker the material colours are, the 
lower albedo will be reflected to the space. Darker material will absorb more longwave energy 
irradiance that causes warmer surface, and longwave heat thermal energy will be emitted less to the 
atmosphere. Table 1 gives an image of albedo percentages of many surfaces that can be used on 
buildings and the urban built environment to reduce thermal heat irradiance. Besides albedo one of 
the factors causing great demand of energy in air conditioning buidlings is the impacted high 
intensity of solar heat sun irradiation during the daytime that pierces through opaque-walls, curtain-
glass walls, windows, and roofs in any tropical climate region around the world.  According to 
Nazar et  al. (2003) roofs on single buildings donate almost 36,7% of solar heat irradiation into the 
buildings. Moreover there is up to 50% of solar thermal radiation that comes from flat rooftop [5]. 
The flat rooftops and curtain-glass facades will receive and reflex solar heat thermal radiant to urban 
environment. Table 2 shows the flat concrete rooftop received hourly average of horizontal global 
solar irradiation of 383 W.m-2 on dry season and 340 W.m-2 on wet season in year 2007. The highest 
impacted global horizontal solar irradiance is about 978 W.m-2 at 11 am on October 31, 2008. And 
high horizontal global solar irradiation concentration happened in the year 2008 [2]. 
 
Table 1.  Surface Albedo as a Decimal Albedo and as a Percentage                                                                             
(Source: http://education.gsfc.nasa.gov) 
 
 
Table 2.  Hourly Average Dry and Wet Seasons Horizontal Global Solar Irradiance in Surabaya- 
                Indonesia per year 2007,2008,2009 
 
      (Source: Surabaya-Indonesia, 2008) 
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Meanwhile Tabel 3 demonstrates an average of hourly vertical global solar irradiation based on 
Surabaya’s local climate around 198 W/m2 on eastern side of the building, then 191 W/m2, 171 
W/m2 and 119 W/m2 respectively from northen, western, and southern hemisphere [2]. 
 
Table 3.  Hourly Average Vertical Global Solar Iradiatiance in Surabaya per year 2007 
 
 
                                                                                        (Source: Surabaya-Indonesia, 2008) 
 
All the sun’s ray along with high intensity of solar heat irradiation will produce thermal heat on a 
surfaces that are absorbed or reflected by building rooftops, facades, pedestrians, street materials, 
and trees. Absorbed global solar irradiation coming to the earth will increase the outer surface 
temperatures of all surface materials by action of reflected and absorbed; on the building rooftops 
from around 30 to 40oC [1]. Figure 1 shows the earth’s radiation budget where the earth is always 
trying to balance the received short wavelengths of sun solar radiation by absorbing, reflecting back 
and emitting part of irradiations to the space. Meanwhile the ambient air temperature in atmosphere 
increases due to the emitted longwave energy from the earth’s or other materials. The lighter and 
harder a surface material is, the higher the emitted longwave energy bounced back to the 
atmosphere and the earth. The urban heat island effect is due to soaring reflected air temperatures 
that is coming from many ligher and harder urban features and building surfaces. The surrounding 
built environment is lacking in absobing or has low level of emitted longwave energy features and 
surface materials like parks with big trees and green lawn, dark soil, wooden-pedestrian way and 
greenary rooftops as well as low-emitting longwave energy of pakis-stem blocks as rooftop cover 
material. Based on Surabaya’s weather station report that yearly average of outdoor maximum 
temperature and minimum temperature in October 2008 are 33.9oC and 22.1oC respectively [8]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                  (Source: Science-edu, 2012) 
Figure 1.Earth’s Energy Budget Scheme 
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Figure 2.Town-Houses and Shop-Houses on Business-Street Zones 
 
 
Surabaya is the second largest city in Indonesia, with the latitude of 7o 17-21’ South. From year 
1995 till now, a lot of business places are needed to be built. Middle-class businessmen or presetting 
business firms can’t afford to rent office spaces on high-rise buildings. Therefore, single-houses, 
town-houses, shop-houses, and even  dwellings along the main streets become favorite placeces to 
do business.  Figure 2 exhibits a lot of new towns, shops, and office-houses built to two or three 
stories with majority of flat bare concrete rooftops of around 5,900 m2 at Putro Agung’s business 
zone (A), Klampis Jaya central business district 31,00 m2 (B), Manyar Kertoarjo’s business-zone 
12,400 m2 (C), as well as Galaxy’s Shops, offices and houses 24,000 m2 (D). All these flat bare 
concrete rooftops are not insulated on top or beneath the concrete roof decks. Less greenary 
rooftops and high trees are planted along the business zone street. Concrete-block pavings are 
dominantly covered to walk-ways, and street-ways are built up of dark-asphalt.  Could one imagine 
how much watt per square meters of out-going solar heat irradiance from these materials will 
bounce back to the built-up areas, and how much air temperatures of thermal conduction, 
convection and irradiation will add up to the urban-business heat island? 
 
By applying rows of pieces of Pakis blocks on top of the flat bare concrete rooftops mainly as 
external enveronmental friendly roof thermal insulation, the reflected solar heat irradiation to built- 
environment will be controlled. Pakis blocks will absorb much of these solar heat irradiation to 
prevent too much heat reflected to the environment.  What are the pakis-stem blocks? Generally 
knowledge of pakis-stem blocks are commonly sold by orchid flower shoppers, and flower users 
always attach the orchid on top of Pakis blocks. These Pakis blocks come from Pakis trees which 
could be found in the tropical forest; the Pakis tree’s stems are then sliced into pieces of Pakis 
blocks. 
 
 
 
 
 
 
 
 
Figure 3. Pakis Trees, Pakis-Stem Blocks, and Orchid on Pakis Block 
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Pakis Blocks are sold in different sizes in the market; as shown in A & B (fig. 4). Pakis Blocks 
small size (4A) in 1 m2 will have 33.3 blocks and weigh 5.2 kgs for dry pakis blocks; in wet 
condition, small size pakis blocks in 1 square meter have weight of 7.3 kgs.  Meanwhile for big size 
pakis (fig. 4B), 1 square meter will contain 20.83 blocks, and the weight 5.2 kgs (dry condition), 
and 7.4 kgs (wet condition).  
 
Figure 4. Pakis-stem-Block Variances 
 
 
2. Literature Review 
 
Many researchers and scholars have researched and come up with many applications of block to 
diminish the impact and reflection solar heat irradiance to room thermal and urban heat built-
environment from flat concrete rooftops and many elements around the built environment. The 
applicantions are: green roofs or rooftop gardens, cool roofs (built-up roofing), and double roofs [3]. 
 
2.1 Green Roofs or Roof Gardens 
 
Green roofs or Rooftop gardens have two kinds of greenery roof systems that are extensive and 
intensive green roofs. Extensive green roof characteristic is not to design for public excess, it is 
merely for aesthetic and ecological environment proposes, low-cost due to lightweight construction, 
low maintenance, thin layer of soil, and smaller vegetation (merely bushes).  Contradictory to 
extensive green roofs, intensive green roofs are designed for public excess-way or roof garden-
playground on rooftop parking buildings, high plants (scrubs or trees), thick substrate, heavyweight 
construction, and high maintenance [9,3]. 
 
Tested on intensive roof garden landscaping on low-rise commercial building, the maximum hard 
surface temperature (without soil and plants) at 2 pm is 57oC; the maximum bare soil surface 
temperature is 42oC.  With the presence of vegetation that is totally dependent on the Leave Area 
Index (LAI), higher temperature will happen on meagre foliages and lower temperature on intense 
ones. The maximum temperature on all kinds of vegetation under foliages is about 36oC; and the 
maximum soil temperature with plants is 26.5oC [9]. 
 
With extensive rooftop garden, the maximum temperature on metal roof is 60o – 70oC. By providing 
plants or vegetation, the maximum temperature below the dense plants is 35.1oC. But the metal roof 
has the faster cooling effect at night among the other roof materials. Moreover metal roof is 
lightweight structure and has a low maintenance factor. 
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2.3 Coolroofs 
 
Cool roof was invented by Dick Bourne in 1980 at Davis, California. This system uses concrete roof 
as roof pond with impermeable floating insulation panels in water; the water is then pumped over 
the  insulation during the night in order to have longwave sky radiation cooled the water. The 
cooling water temperature could be around 1-2oK above the average ambient WBT, and the ceilling 
temperature (exposed concrete) would have about 2oK over the water temperature [4]. An indoor 
temperature of 25oC would be obtained with the maximum outdoor temperature of 37oC during the 
daytime; the water pond temperature will fluctuate a round 5oC [4]. 
 
2.4 Bittumen Roll Roofing Sheet 
 
Single-ply Rubber Membrane Roofing. (EPDM): Ethylene Propylene Diene Poly Methylene is 
applied to flat rooftop concrete to give great protection to solar radiation through roof. It is great 
rubber roofing sheet but it is not an environment friendly insulation material (fig. 5). 
 
 
 
 
 
 
 
 
 
                                                 (Source: Science-edu, 2012) 
Figure 5. Applying Single-ply Rubber Membrane Roofing. (EPDM) 
 
 
3. Methodology 
 
The research is an experimental works conducted at Petra Christian University, Surabaya-Indonesia 
on two-story flat concrete rooftop building. The global solar irradiation data were recorded hourly 
and were taken at least 2 to 3 days or more respectively and simultaneously on rooftop with digital 
data logger and pyranometer of HOBO. Series of row and column of 3-layer to 5-layer thick pakis 
blocks are laid down on bare concrete rooftop acting as a insulator to diminish thermal heat into a 
room. 
 
3.1 The scheme 
 
Three unit of pyranometers are used to have a figure of global solar irradiance intensity; one unit is 
measured for the horizontal global solar irradiation, and two unit pyranometers are turned over to 
measure the reflected global solar irradiation (albedo) from different materials like grey rooftop 
concrete, stopsol classic dark blue glass, grey paving blocks, wooden block, lawn, soil, yumen 
board and white pakis blocks; meanwhile one flipped pyranometer is continuously placed there to 
measure the brown pakis blocks respectively. In order to know the degree Celcius emission of 
longwave heat energy from brown Pakis blocks and white Pakis blocks (lighter colour will have 
coolder surface)(fig. 6). 
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The reflected global solar irradiation measurements were taken to compare to brown-pakis blocks 
with other materials respectively; each measurement with different material to brown-pakis blocks 
was measured between two to three days period. The major measurement on this research is to 
know how much the white-pakis blocks reflect outgoing global solar irradiation to the space 
environment than the brown-pakis blocks.  
Figure 6.Ways of Measureing Reflected Global Solar Irradiation and Longwave Heat Energy 
 
 
3.2 The Measuring Tools 
 
Many kinds of “HOBO” (Onset Inc. products) measuring tools were used to obtain data in many 
fields of the research; the intensity of global solar irradiation and the degree Celcius of longwave 
heat irradiation absorbed. HOBO U12 external data logger has a mesurement range of temperature -
20o to 70oC, RH 5% to 95% with accuracy temperature of +- 0.35oC from 0 to 50oC, and RH +- 
2.5% from 10 to 90%. The water/soil temperature sensors have a technical measurement range of 
temperature -40 to 50oC in water, and -40  to 100oC in air with accuracy of +- 0.25o at 20oC. The 
HOBO Micro Station data logger has a four sensors for multi-channel measurement at the same 
time. It can be connected to a silicon Pyranometer smart sensor that has a technical measurement 
range of global and direct irradiation of 0 to 1,280 W/m2, and the spectral range of 300 to 1100 nm 
with angular accuracy of cosine corrected 0 to 80 degrees from vertical. The sensor resolution is 
1.25 W/m2. 
 
4.    Results and Discussions 
 
The reflected global solar irradiation to the atmosphere and the buit environment at different days 
and time with different kinds of material surfaces are small compare to incoming horizontal global 
and direct solar irradiation; particularly at 12 noon. The impacted incoming horizontal solar 
irradiance are ranging from around 713 to 976 W.m-2. The average solar irradiation values are 
around 390 to 488 W.m-2 in different other days (Tables 3 to 10). When comparing average 
reflected solar irradiation (albedo) of brown Pakis blocks (23.1 W.m-2) to flat grey concrete rooftop 
(75.3 W.m-2),  the grey concrete rooftop attributes reflected solar irradiation to space more 52.2 
W.m-2 than brown pakis blocks did; it is 69% higher than brown pakis albedo (Table 4). 
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Table 4. Hourly Average Horizontal Global Solar Incoming and Reflected Irradiation  
for Dark Brown Pakis and Rooftop Concrete in Surabaya October 1-19, 2012 
 
Source: (Surabaya-Indonesia, 2012) 
 
The average reflected solar irradiation of Stopsol classic dark blue glass (it is often used as curtain-
glass or large windows on the modern buildings) is 59.3 W.m-2; it is 38.9 W.m-2 larger reflected 
solar irradiation then brown pakis blocks did, and the albedo is 66.6% higher than brown pakis 
blocks (Table 5). 
 
An average of 61 W.m-2 reflected global solar irradiation of grey paving blocks were recorded as 
outgoing solar irradiance to space like other reflected solar irradiations from many surfaces within 
the boundary of the atmosphere in the earth (fig.1). With contrast to average reflected solar 
irradiation of brown pakis blocks had merely 20.2 W.m-2 at particular days, the brown pakis blocks 
can mitigate more 201% of reflected solar irradiation than the grey concrete-paving blocks to the 
living environment at very hot-daytime; shaded outdoor temperature is 34.9oC at 13.00 pm  (Table 6 
& Table 12). 
 
Yumen boards are man made wooden-baggy-panels resembling pakis-stem blocks (natural blocks).  
The main function of the Yumen boards are for wall panels, ceiling panels, and as acoustic panels. 
The average reflecting solar irradiation is quite high; reflected solar irradiation of 86.7 W.m-2 will be 
mirrored to space, and it is 76% higher of reflected solar irradiation than brown Pakis blocks (Table 
7) 
 
Ideally small sizes of Wooden blocks can be used to cover pedestrian ways in the urban areas; with 
the meaning to lessen the high reflected solar irradiation to the space environment, making the 
atmosphere in the city to soar during daytime. Unfortunately the average of reflected global solar 
irradiation on wood-blocks is 71 W.m-2; meanwhile the brown pakis blocks are 18.8 W.m-2 by 
October 2012. Then, 73.5 percentanges of higher reflected global solar irradiation will be added to 
space if it uses wood-blocks than Pakis blocks (Table 8). 
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Table 5. Hourly Average Horizontal Global Solar Incoming and Reflected Irradiation  
for Dark Brown Pakis and STOPSOL Classic Dark Blue Glass in Surabaya October 20-21, 2012 
 
                                                                                                      Source: (Surabaya-Indonesia, 2012) 
 
 
Table 6. Hourly Average Horizontal Global Solar Incoming and Reflected Irradiation  
for Dark Brown Pakis and Grey Paving Block in Surabaya October 22-23, 2012 
 
                                                          Source: (Surabaya-Indonesia, 2012) 
 
Table 7. Hourly Average Horizontal Global Solar Incoming and Reflected Irradiation  
for Dark Brown Pakis and Yumen Board in Surabaya October 24-26, 2012 
 
                                                         Source: (Surabaya-Indonesia, 2012) 
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Table 8. Hourly Average Horizontal Global Solar Incoming and Reflected Irradiation 
for Dark Brown Pakis and Wood Blocks in Surabaya October 27-29, 2012 
 
                                                             Source: (Surabaya-Indonesia, 2012) 
 
Green rooftops at city buildings will lessen the urban heat island only if all the buildings are built 
with grennary rooftops. Regrettably, the average reflected global solar irradiation of green lawn is 
still 72.2% higher than brown pakis blocks. This phenomena is due to a higher reflected solar 
irradiance of greenary lawn of 66.8 W.m-2 than the brown pakis blocks of 18.6 W.m-2 (Table 9). 
 
Preferably if a built environment city has more parks and soft darker soil than grey concrete paving 
blocks as pedestrian-ways and verhicle-ways, there will be more incoming global solar irradiation 
absorbed to the earth than outgoing global solar irradiation to the space in the built environment. By 
looking at table 9, where the average of global solar irradiation of dark-soil is closed to dark brown 
pakis blocks of  18.2 W.m-2; only 25.4% of reflected global solar irradiation of dark soil is higher 
than brown pakis blocks (it is the smallest percentages among other reflected global solar 
irradiations tested than pakis blocks).  The 24.4 W.m-2 of outgoing global solar irradiance of dark 
soil will be an added values to the built environment (Table 10). 
 
Table 11 shows an average of reflected global solar irradiation both on Pakis-stem blocks but 
different color Pakis; brown and white pigment on stem blocks.  The brown Pakis-stem blocks are 
painted with water-base white wall paint. White surface will reflect more incoming global solar 
irradiation but having lower surface temperature. An average of 71.7 W,m-2 of global reflected solar 
irradiation is achieved by white Pakis-stem blocks; comparing to brown Pakis-stem blocks which 
only reflect 23.8 W.m-2.  Reflected solar irradiation value on white-painted Pakis blocks is higher 
66.8% than natural brown Pakis blocks colour (Table 11).  How much longwave heat energy of 
solar irradiation is absobed by Pakis in relation to different surface colour?  Table 12 shows hourly 
average one-piece bottom surface temperature of white and brown Pakis-stem blocks (thickness of 3 
cm); both pakis blocks are having temperatures of over 40oC at noon till 15.00 pm. And white pakis 
blocks have an average of 33.9oK with shaded outdoor temperature 31.1oK ; it is 0.9oK temperature 
difference to brown-Pakis blocks at average thermal performance. At daytime performance, brown 
Pakis blocks have an average 38.2oK, and 36.3oK for white Pakis blocks; so the temperature 
difference during the daytime will be 1.9oK.  Meanwhile both Pakis blocks  thermal performances at 
nighttime will be even. Both white and brown-Pakis blocks have an average 31.4oK at the 
nighttime.  But temperature of brown-Pakis blocks becomes cooler after midnight till morning faster 
than white-Pakis blocks (Table 12). 
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Table 9. Hourly Average Horizontal Global Solar Incoming and Reflected Irradiation 
for Dark Brown Pakis and Green Lawn in Surabaya October 27-November 2, 2012 
 
                                                                                                     Source: (Surabaya-Indonesia, 2012) 
 
Table 10. Hourly Average Horizontal Global Solar Incoming and Reflected Irradiation 
for Dark Brown Pakis and Dark Soil in Surabaya November 2-4, 2012 
 
                                                                                                     Source: (Surabaya-Indonesia, 2012) 
 
 
Table 11. Hourly Average Horizontal Global Solar Incoming and Reflected Irradiation 
for Dark Brown Pakis and White Pakis in Surabaya November 5-9, 2012 
 
                                                                                                      Source: (Surabaya-Indonesia, 2012) 
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Table 12.  Hourly Average Bottom Surface Temperatures of 3-cm Thick of 
Dark Brown Pakis and White Pakis in Surabaya November 13-16, 2012 
 
                        Source: (Surabaya-Indonesia, 2012) 
 
 
5.    Conclusion 
 
After analyzing the average measurement results of global and direct reflected solar irradiation on 
many surface materials, mainly the brown Pakis-stem blocks, some pieces of evidence on reflected 
global solar irradiance can be drown. At first, the incoming global and direct solar irradiation will 
be absorbed much by darker surfaces. Lighter surface materials will reflect as much as possibly 
solar irradiance to space. This phenomenon—lighter surface material,  will contribute to increase 
the city temperature during the daytime; harder, lighter, and reflected city and building surface 
materials can escalate atmospheric temperature. Secondly, the darker surface like brown Pakis-stem 
blocks absorbed much of incoming solar irradiation and reflected less; as a matter of fact brown 
Pakis blocks will emit more longwave heat energy to space according to its thermal handling 
capacities (thermal lags).  The only action to be done is to provide better external thermal insulation 
on flat rooftops in order to prevent over heating through absorbed incoming longwave heat solar 
irradiation. By doing all these, an over heated urban environment by many hard surfaces will be 
alleviated simply applying brown Pakis-stem blocks to cover flat-rooftop buildings as thermal 
barrier and storage. 
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Comparison Of Thermal Comfort Levels For Two 
Traditional Bugis Houses In Malaysia 
 
Aminatuzuhariah Megat Abdullah 
 
 
ABSTRACT 
 
The traditional houses are always associated as an ideal architectural 
design solution that response to hot and humid climate. However, 
nowadays, these traditional houses are rapidly destroyed and  
demolished to be replaced with modern housings especially in urban and 
sub-urban areas.  Due to their rapid disappearance, it is important to 
record the thermal comfort levels of the said houses as guidelines to 
provide better housings in the future. The research had been conducted to 
investigate the thermal comfort levels in selected Bugis  traditional  
houses  in Johor to fill in the gap in this area. This paper highlights the 
thermal comfort levels of two Bugis houses that have almost a similar 
design and orientation. Except for the roofing materials, both houses have 
a similar construction materials for walls and floors, i.e., both are made 
of timbers. However, Daeng Hadadek’s house (DHH) has concrete tiles for 
its roofing materials, whilst Daeng Mapunah’s House (DMH) roof is made 
out of zinc. Data loggers measurement units were set-up  in several 
locations in the said houses as well as in porches and left on site for two 
weeks.  Other factors such as the design of the walls and openings and the 
immediate contexts of the houses were also taken into consideration when 
data was analyzed and concluded. It is found that DHH provides a better 
diurnal and nocturnal air temperatures compared to DMH. However, 
other factors such as matured trees beside the house and the design of 
openings do also affect the indoor temperatures both during the day and 
night time for some of the rooms in the houses.  
 
 
Keywords 
Comfort Level, Bugis Traditional Houses, Climatic Response  
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1.0 Introduction 
 
It has been recognized by many authors such as [1] and [2] who stated that the traditional houses are 
more comfortable then the modern houses since they are made of timber and have many ventilation 
holes in the walls. Thus, this research was aimed to investigate the thermal performance of Bugis 
timber traditional houses. The houses are located in Pontian, Johor, Malaysia which falls in a 
tropical zone. Generally the tropical zone is defined as the area of land and water between the 
Tropic of Cancer (latitude 23.5o N) and the Tropic of Capricorn (latitude 23.5o S). The main causes 
of climatic stress in Malaysia are high temperature, solar radiation, humidity and glare. The factors 
influencing thermal comfort consist of personal and environmental variables; the former depending 
on a person’s activity and clothing level and the latter depending on air temperature, humidity, 
radiation and air movement. Hot and humid areas, where the values for all of the above are 
generally high possess two major problems, i.e. the avoidance of excessive solar radiation and the 
evaporation of moisture by breezes of ventilation [7].  
 
2.0 Principles Of Building Design In Hot Humid Climate  
 
As stated before, to achieve thermal comfort in the hot humid Malaysian climate, solar heat gain by 
the building and the human body must be minimized while heat dissipation by the body must be 
maximized by ventilation and evaporative cooling. The deep understanding of such thermal comfort 
requirements and nature of the Malaysian climate reflected in the climatic adaptation of the 
traditional Malay house. Some are briefly discussed below: 
 
2.1.1 Building Orientation 
 
The overall orientation has important bearing on passive building design, for example, walls facing 
east-west which is subject to higher amounts of radiation should be kept to a minimum length with 
fewer and as small openings as possible. The direct radiation transmitted varies markedly with the 
time of the day and the angle of incidence, remaining fairly steady until about 50o and dropping 
sharply at 60o. The building orientation should also be aimed at providing the best possible 
ventilation; therefore direction of prevailing wind should be emphasized, in the case for Malaysia 
from South-west and North-east.[7] As a result, windows should be placed at an angle to catch wind 
i.e. at angles of up to about 50o on either side of wind directions.  
 
2.1.2 Roof Design 
 
According to [4] and [8] pitched or sloping roofs are recommended as they create plenty of shade 
around the building and protect the outer walls from getting soaked. It also can control the amount 
of solar radiation admitted into the room, which could largely reduce cooling loads and improve 
indoor thermal comfort and day lighting quality. 
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2.1.3 Wall Solar Shade  
 
The facades of the traditional Malay house are normally recessed and almost hidden behind the long 
roof overhangs. The importance of this has been proven by [5] who highlighted that an overheating 
of 2ºC was observed in rooms with coloured concrete walls exposed to the solar radiation compared 
to rooms with no walls exposed. The most important surfaces to treat therefore are those most 
exposed to the sun that is to the east and west, and to a lesser extent, the northern and southern 
surfaces. [5]  
 
2.1.4 Opening Design Principles in Hot Humid Climate  
In traditional buildings, designers place windows at certain points to create a current of air. Further, 
opening windows can reduce heat and humidity, but on the other hand, the existence of windows 
can increase inside temperatures with solar penetration. East and west-facing walls and windows are 
the most important to shade, as solar heating is most intense on these orientations. Reduce unwanted 
morning and afternoon solar heat gain by minimizing or protecting extent of walls and windows 
facing east or west. Planting trees around the building is one way of controlling the temperature in 
repositories and keeping the sunlight out as well. [6] 
 
2.1.5 Provision of Continuous and Efficient Ventilation  
A primary strategy for cooling buildings without mechanical assistance in hot humid climates is to 
employ natural ventilation. This is essential to maintain good air quality in any building and to keep 
moisture and contaminants at acceptable levels. The moisture and contaminants in buildings are 
commonly derived from the combustion products of fuels, from materials used in the building and 
its contents, and from the occupants. [3]  
 
2.2 Neutral Temperature Zone in Malaysia 
 
Daily climatic patterns in the tropics required climate conscious building design strategies to 
achieve thermal comfort. Outdoor temperature for monthly data is plotted in Figure 1.0. According 
to the Figure 1.0, the outdoor air temperature reached to 28.5°C in August. The lowest temperature 
was reported as 25.5°C in January and the average temperature is about 27°C. According to [9] 
comfort formula, the neutral temperature needed to maintain at 26°C. The single value resulted from 
this comparative study was confirmed with previous study. With the width of the comfort zone 
taken to be 5°C,[9] thermal comfort temperatures extends approximately about 2.5°C above and 
below the neutral temperature. 
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Figure 1.0: Daily climatic patterns in the tropics 
Source: Szokolay (2000) 
 
Taking the neutral temperature of 26°C in free running building as an illustration, the upper limit of 
the comfort zone would then be 28.5°C. However, Abdul Malik who conducted a field survey in 
Malaysia finds out that the upper limit of the comfort zone could reach up to 32 °C for 
Malaysians.[1] This is aligned with findings made by [2] who did a field work in Hyderabad, India. 
He found out that the upper limit of comfort band of 32.45 °C is still acceptable by Asians. Hence, 
for the purpose of analyzing data for this research the comfort band of 26 °C to 32 °C shall be 
considered in line with [1] and [2] recommendations for Asians.  
 
3.0 Research Methodology  
 
The present study was carried out to investigate the thermal performance of Bugis timber traditional 
houses. With the understandings on the thermal comfort performance of the said houses can give 
better insights on design principles implemented in traditional architecture, which can be applied in 
improving the current architecture.   
 Two case studies were chosen; both have almost similar building shape and building 
materials for walls and floors, but however, have different roofing materials. The orientations of 
both houses are also the same. The aim of this research is to compare which house would record a 
better diurnal and nocturnal air temperatures.  
Case Study 1 is called Daeng Hadadek’s House (DHH) and the house of the second case 
study is owned by Daeng Mapunah (DMH). DMH has almost similar design to DHH (see floor 
plans in Figure 2.0). However, the roofing material has been changed to zinc. The hypothesis of the 
research is that the internal air temperatures of DMH would be more hotter than DHH since the roof 
is made of zinc.  
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Figure 2.0: Floor Plans of DMH and DHH 
 
 
To measure the air temperatures, dataloggers were set-up in various internal space in both houses as 
well as in porches (to measure outdoor air temperatures). But, for the purpose of discussion in this 
paper only a comparison of air temperatures inside the two main areas of the said houses are made, 
(i.e the Living Halls and the main bedrooms ) versus the outdoor areas (the porches). 
 
3.1 Case Study 1: Daeng Hadadek’s House (DHH) 
 
 
Figure 3.0: The Front View of DHH 
 
 
 
 
 
 
Floor Plan of Daeng Mapunah’s House (DMH) Floor Plan of Daeng Hadadek’s House (DHH) 
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3.1.1 The Living Hall 
 
Figure 3.0 shows the front view of DHH. All windows in the living hall and in the main areas are 
made of half timber panel and half timber louvers. There is a ventilation gap dimensioned about 450 
milimeter height in between the upper part of the wall and the underside of the ceiling. Most of the 
times the windows remain closed, because the owner wants to preserve the condition of the 
displayed artifacts in the living hall. Only one of the windows is opened to allow ventilation inside 
the area. There is also a ceiling fan in the living hall, however, it is always switched off since the 
owner hardly occupies the hall.   
 
3.1.2 The Bedrooms 
The air temperature and the humidity of the bedroom are also taken to determine the comfort level 
of the occupants. Bedroom no. 1 receives the West solar radiation whilst the bedroom no. 2 receives 
the East solar radiation. There are gaps in between the timber wall panels and 300 milimeter high 
ventilation holes all around the walls. Both rooms have only one window which is 1200 milimeter x 
450 milimeter in sizes. The data logger was hanged at the height of 1800 milimeter from the floor 
level. The windows in both rooms are usually closed since they are seldom used during the day 
time. The fans are also seldom switched on in both rooms.  
 
 
3.2 Case Study 2 – Daeng Mapunah’s House (DMH) 
 
As stated before, both houses have a similar plan and orientation. The original roofing material was 
made of nipah but had been changed to zinc since the last 20 years. The construction of the ceiling 
and the floors are similar to DHH (i.e., 40 milimeter thick asbestos-free cement boards without 
insulation for the ceiling and timber strips for floors which are fixed on timber joists for floors). The 
floor in the hall is covered with vinyl but the floors in bedrooms are left uncovered.  
 
 
Figure 3.1: The Front View of DMH 
 
3.2.1 The Living Hall 
 
All windows in the main hall and in the main house are made of half timber panel and half timber 
louvers (see Figure 3.1). Even though previously there was a wood carving ventilation holes found 
on top of the windows, but now the ventilation holes are sealed with glass panel. According to the 
owner [10], the wood carving ventilation holes are closed with the glass panels to avoid bats and 
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birds to enter the house especially at the night time. Similar to DHH, the owner prefers to close the 
windows most of the time. This is because the owner goes out early for work in the morning (about 
6.30 a.m. in the morning and come back at 7 p.m. in the evening). However, according to [10], 
sometimes one window is left open in the main hall to allow some fresh air to enter the hall. Since 
the house owner is always not at home, the fan is never switched on. According to [10], he loves to 
spend most of his time outdoors (to attend to his garden) if he is not working during weekend.  
 
3.2.2 The Bedrooms 
 
The air temperature and the humidity of the bedrooms are also taken to determine the comfort level 
of the occupants. Both bedrooms in DMH receive the West solar radiation. The windows for the 
bedrooms are always closed, even though during the day time. The ventilation holes on top of 
windows are also has been sealed. However, the louvers on the windows leaves are left open to 
allow some air movement inside the room. Unlike the bedrooms’ floors in DHH, which are covered 
with carpets, the bedrooms’ floors in DMH are left as it is i.e., timber floor strips with 3 milimeters 
gap in between.  
 
4.0 Results And Discussions  
 
4.1 Comparison between Outdoor (porches) and Indoor spaces (halls) 
 
Figure 4.0  shows the comparison between the porches and the living halls of DHH and DMH. It 
can be seen from the graph that the air temperatures inside the halls of both houses are outside the 
comfort zone’s level from 12:00hr until 17:00hr. The maximum mean air temperatures are 32.32°C 
at 14:00hr (DHH) and 34.71°C at 15:00hr (DMH). The air temperature inside the living hall of 
DMH is very high due to hot air trapped in the hall.  
 
 
Figure 4.0 Comparison of Air temperatures between the porches and the hall of (DHH) and (DMH) 
 
The air temperature differences between the porches (outdoor) and the halls (indoor) recorded at the 
peak hours are very high for Daeng (DMH) 2.65°C hotter than outdoor, compared to Daeng 
Hadadek’s house which is only 0.84°C air temperature difference. The minimum mean air 
temperatures for halls of both hourses are 25.32°C and 24.79°C respectively, which are 0.66°C 
(DHH) and 1.12°C (DMH) differences when compared to the porches areas (outdoors). 
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4.2 Comparison between Outdoor (Porches) and Indoor spaces (Room 1) 
 
The comparison between the porches and the rooms of DHH and DMH were also made. Both rooms 
are located in the West walls. It can be seen from the Figure 4.1  that both rooms in both houses are 
outside the comfort zone level from 13:00hr until 18:00hr. Surprisingly, room 1 at DHH  found to 
be more hotter than room 1 at (DMH). The maximum mean air temperatures are 33.37°C (DHH) 
and 32.42°C (DMH) both recorded at 15:00hr. This may be due to the louvre windows in the DMH 
‘s room 1 does allows some ventilation occurs in the room even though it was closed. The gaps in 
timber floor strips also allow some ventilation occurs from underside of thehouse. The existence of 
matured trees outside room 1 may also contribute to the lower air temperatures inside the room. The 
relative humidity recorded at this hours are 55.96% and 57.13% respectively . 
There was not much differences found between the mean air temperature at rooms 
(indoors) and the porches (outdoors) recorded at the peak hours, i.e., 1.46°C for DHH’s house and 
only 0.36°C for DMH’s room. The minimum mean air temperatures for rooms of both houses are 
26.99°C (DHH) and 24.62°C (DMH). Hence, it confirms that there is minimal differences between 
indoor and outdoor area of DMH’s room which is only 0.95°C.  
 
 
 
Figure 4.1  Comparison of  air temperatures between the porches and room 1 of DHH and DMH 
 
The graph also shows that the air temperatures in the porches areas begin to increase outside the 
comfort zone area i.e., starting from 12:00hr until 15:00hr. However, the porch at the DMH’s house 
seems to be more cooler than DHH’s house. This is due to the porch’s design at DMH’s house is 
more bigger and it is freestanding design (not block by the main house), therefore it enjoys better 
ventilation from all around the porch. 
 
4.3 Comparison between Outdoor (Porches) and Indoor spaces (Room 2) 
 
Figure 4.2 shows the comparison between porches and rooms no. 2 of both houses. The maximum 
mean air temperatures for both houses are 32.82°C (DHH) and 32.19°C (DMH) occur at 14:00. The 
relative humidity recorded at this hours are 55.85% and 55.89% respectively.There was not much 
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differences found between the mean air temperature at rooms (indoors) and the porches (outdoors) 
recorded at the peak hours, i.e., 0.50°C for DHH’s house and only 0.03°C for DMH’s house. 
 
 
Figure 4.2: Comparison of  air temperatures between the porches and room no. 2 of DHH and DMH. 
 
The minimum mean air temperatures for rooms of both houses are 26.09°C (DHH) and 24.74°C 
(DMH). Starting from 12:00hr until 16:00hr, both rooms show the readings that are outside the 
comfort zone level (i.e more than 32.0°C). 
 
5.0 Conclusion  
 
This research has revealed two significant findings. Firstly, both traditional Bugis houses namely 
DHH and DMH are comfortable in the morning and at night time.  However, during the daytime the 
internal space are rather hot except for the underside of the house. The coolest mean air 
temperatures for all internal areas recorded for both houses are between 05:00 hr to 07:00hr, and 
they increase gradually until they reach peak hours, which is about 14:00hr before decreases down 
again until 06:00hr in the morning. 
Secondly, the findings confirmed the hypothesis made in the early stage of the research 
that the house with zinc roofing materials (DMH) would be much hotter than the house with 
concrete tiles roof (DHH). It was found that the air temperatures inside the living hall of DMH are 
very high between 10:00hr until 18:00hr (which are outside the comfort zone level recommended). 
However, as for Room 1 of DMH, it was found that the air temperature inside this room is cooler 
than room1 of DHH due to others factors such as the existence of louvre windows on the perimeter 
walls and the existence of 3mm gaps on the timber floor strips.  The existence of matured trees 
outside the room also obstructed the room’s wall from receiving direct sun radiation into the room.  
This research has also proved that the element of the traditional Bugis houses such as long  
louvred windows, wood carving ventilation holes above windows and gaps in the timber floors play 
an important role in providing good thermal comfort in the tropics especially during the night time 
and early in the morning. Apart from that, landscape  surrounding the house such as big trees also 
found to play an important role in lowering the air temperature as shown as in the rooms no 1 and 2 
of DMH. 
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Epilogue 
 
Syed Ahmad Iskandar Ariffin, Reza Hashemi Nik 
 
 
The presented work displays a number of the scientific endeavours undertaken by 
researchers at Universiti Teknologi Malaysia on the concerns of sustainability in the built 
environment. The array of scientific prospects is much wider than what transpired in the 
previous chapters, and it must be understood that these only reflect a fragment of the issues 
at hand on national scale in the country. Institute Sultan Iskandar has attempted the present 
work as a stepping stone towards greater future endeavours in the research on 
sustainability. 
As indicated in the Prologue, there are three aspects to sustainability, namely 
economic, social and environmental. However for future research on the national issues, 
we would as well like to suggest fourth division under the context of Political 
Sustainability, which may not be equivalent to the three standing premises but may 
somehow serve as a subset linking the social to the economical. 
This work as an initial step towards a greater goal has had its limitations. As 
understood from the context of the papers and the qualifications of the authors, the work 
has been compiled by scholars that were mostly from the architectural discipline and 
therefore only manages to shed light on sustainability issues from the perspective of that 
profession. An encompassing scholarship on the subject demands the participation of 
professionals and scientists from the other fields that deal with the subject of sustainability. 
Studies on environmental sustainability would rely most importantly on contributions from 
professionals in the earth and environmental sciences, just as much as the social and 
economic aspects are futile without input from economists, sociologists and professionals 
in the human sciences.  
The many different challenges on he national scale, some of which were passively 
indicated in the Prologue, promise great potentials for exploitation on a measurable 
scientific level if grounds are made for a healthy and free culture of dialogue and scholarly 
discourse in the near future. To be able to promote and foster such scientific environment 
of sharing and education is an inspiration of Institute Sultan Iskandar. 
The present work with all its limitations thus intends to take on the challenges, in the 
hope of initiating an expanding campaign of research and discovery on the issues of 
sustainable development in Malaysia for the future. 
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